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METHOD AND RFAGENT FOR TRFATMEMT OP ijRTH R Tr 
CONDITIONS. INDUCTfOM OF GRAFT THf ERANCg AMH 
REVERSAL OF IMMUNg RgfiPOMff pc^ 



5 Background of the Jnvention 

The following is a discussion of relevant art, none of which is admitted to 
be prior art to the present invention. 

In one aspect, this invention relates to methods for inhibition of 
osteoarthritis, in particular, inhibition of genetic expression which leads to a 
10 reduction or elimination of extracellular matrix digestion by matrix 
metalloproteinases. 

There are several types of arthritis, with osteoarthritis and rheumatoid 
arthritis being predominar.t. Osteoarthritis is a slowly progressive disease 
characterized by degeneration of articular cartilage with proliferation and 
15 remodeling of subchondral bone. It presents with a clinical picture of pain, 
deformity, and loss of joint motion. Rheumatoid arthritis is a chronic systemic 
inflammatory disease. Rheumatoid arthritis may be mild and relapsing or 
severe and progressive, leading to joint defomnity and incapacitation. 

Arthritis is the major contributor to functional impaimient among the older 
20 population. It is the major cause of disability and accounts for a large 
proportion of the hospitalizations and health care expenditures of the elderiy. 
Arthritis is estimated to be the principal cause of total incapacitation for about 
one million persons aged 55 and older and is thought to be an important 
contributing cause for about one million more. 

25 Estimating the incidence of osteoarthritis is difficult for several reasons. 

First, osteoarthritis is diagnosed objectively on the basis of reading 

radiographs, but many people with radiologic evidence of disease have no 
obvious symptoms. Second, the estimates of prevalence are based upon 
clinical evaluations because radiographic data is not available for all afflicted 
30 joints. In the NHANESI survey of 1989, data were based upon a thorough 
musculoskeletal evaluation during which any abnormalities of the spine, knee, 
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hips, and peripheral joints were noted as well as other specific diagnoses. 
Based on these observations. 12% of the US population between 25 and 74 
years of age have osteoarthritis. 

It is generally agreed that rheumatoid arthritis has a world-wide 
5 distribution and affects all racial and ethnic groups. The exact prevalence in 
the US is unknown but has been estimated to range between 0.5% and 1 .5%. 
Rheumatoid arthritis occurs at all age levels and generally increases in 
prevalence with advancing age. It is 2-3 times more prevalent in women than 
in men and peak incidence occurs between 40-60 years of age. In addition to 
10 immunological factors, environmental, occupational and psychosocial factors 
have been studied for potential etiologic roles in the disease. 

The extracellular matrix of multicellular organisms plays an important role 
in the formation and maintenance of tissues. The meshwork of the 
extracellular matrix is rlGposited by resident cells and provides a framework for 

15 cell adhesion and n»igration, as well as a permeability barrier in cell-cell 
communication. Connective tissue turnover during normal growth and 
development or under pathological conditions is thought to be mediated by a 
family of neutral metalloproteinases, which are zinc-containing enzymes that 
require calcium for full activity. The regulation of metalloproteinase 

20 expression is cell-type specific and may vary among species. 

The best characterized of the matrix metalloproteinases, interstitial 
collagenase (MMP-1), is specific for collagen types I. II. and III. MMP-1 
cleaves all three chains of the triple helix at a single point initiating sequential 
breakdown of the interstitial collagens. Interstitial collagenase activity has 
25 been observed in rheumatoid synovial cells as well as in the synovial fluid of 
patients with inflammatory arthritis. Gelatinases (MMP-2) represent a 

subgroup of the metalloproteinases consisting of two distinct gene products; a 
70 kOa gelatinase expressed by most connective tissue ceils, and a 92 kOa 
gelatinase expressed by inflammatory phagocytes and tumor cells. The larger 
30 enzyme is expressed by macrophages, SV-40 transformed fibroblasts, and 
neutrophils. The smaller enzyme is secreted by H-ras transformed bronchial 
epithelial cells and tumor cells, as well as normal human skin fibroblasts. 
These enzymes degrade gelatin (denatured collagen) as well as native 
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collagen type XI. Stromelysin (MMP-3) has a wide spectrum of action on 
molecules composing the extracellular matrix. It digests proteoglycans, 
fibronectin, lamlnin, type IV and IX collagens and gelatin, and can remove the 
N-termlnal propeptide region from procollagen, thus activating the 
5 collagenase. It has been found in human cartilage extracts, rheumatoid 
synovial cells, and in the synovium and chondrocytes of joints in rats with 
collagen-induced arthritis. 

Both osteoarthritis and rheumatoid arthritis are treated mainly with 
compounds that inhibit cytokine or growth-factor induced synthesis of the 

10 matrix metalloproteinases which are involved in the extracellular matrix 
destruction observed In these diseases. Current clinical treatments rely upon 
dexamethasone and retinoid compounds, which are potent suppressors of a 
variety of metalloproteinases. The global effects of dexamethasone and 
retinoid treatment upon gene expression in treated cells make the 

15 development of alternative therapies desirable, especially for long term 
treatments. Recently, it was shown that gamma-interferon suppressed 
lipopolysaccharide induced collagenase and stromelysin production in 
cultured macrophages. Also, tissue growth factor-p (TGF-P ) Kas'been shown 
to block epidermal growth factor (bGF) induction of stromelysin synthesis in 

20 vitro. Experimental protocols involving gene therapy approaches include the 
controlled expression of the metalloproteinase inhibitors TIMP-1 and TIMP-2, 
Of the latter three approaches, only y-interferon treatment is currently feasible 
in a clinical application. 

Sullivan and Draper. International PCT Publication No. WO 94/02595 
25 and Draper etaL, International PCT Publication No. WO 95/13380 disclose 
the use of ribozymes to treat arthritis. 

In a second aspect, the Invention relates to methods for the induction of 
graft tolerance, treatment of autoimmune diseases, inflammatory disorders 
and allergies in particular, by inhibition of B7-1. B7-2, B7-3 and CD40. 

30 An adaptive immune response requires activation, clonal expansion, and 

differentiation of a class of cells ternied T lymphocytes (T cells). T cell 
activation is a multi-step process requiring several signalling events between 
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the T cell and an antigen presenting cell The ensuing discussioh details 
signals that are exchanged between T cells and antigen presenting B cells. 
Similar pathways are thought to occur between T cells and other antigen 
presenting cells such as monocytes or follicular dendritic cells. 

5 T cell activation is initiated when the T-cell receptor (TCR) binds to a 

specific antigen that is associated with the MHC proteins on the surface of an 
antigen presenting cell. This primary stimulus activates the T cell and induces 
expression of CD40 ligand (CD40L) on the surface of the T cell. CD40L then 
interacts with its cognate receptor. CD40. which is constitutively expressed on 

10 the surface of B cells; CD40 transduces the signal leading to B cell activation. 
B cell activations result in the expression of B7-1, B7-2 and/or B7-3, which in 
tum interacts with constitutively expressed C028 on the surface of T ceils. The 
interaction generates a secondary co-stimulatory signal that is required to fully 
activate the T cell. Complete T cell activation via the T cell receptor and CD28 

15 leads to cytokine secretion, clonal expansion, and differentiation. If the T cell 
receptor is engaged, absence of this secondary co-stimulus mediated by 
CD28. then the T cell is inactivated, either by clonal anergy (non- 
responsiveness or reduced' /eactivity of the immune system to specific 
antigen(s)) or clonal deletion (Jenkins et al.. 1987 Proc. NatL Acad, ScL USA 

20 84. 5409). Thus, engagement of the TCR without a concommitant 
costimulatory signal results in a state of tolerance toward the specific antigen 
recognized by the T cell. This co-stimulatory signal can be mediated by the 
binding of B7-1 or B7-2 or B7-3, present on activated antigen-presenting cells, 
to CD28, a receptor that is constitutively expressed on the surface of the T cell 

25 (Marshall et al.. 1993 J Clin Immun 13, 165-174; Linsley. et al., 1991 J Exp 
Med 173, 721; Koulova et aL, 1991 J Exp Med 173. 759; Harding et al.. 1992 
Nature 356, 607). 

Several homologs of B7 (now known as B7-1; Cohen. 1993 Science 

262, 844) are expressed in activated B ceils (Freeman et al., 1993 Science 

30 262. 907; Lenschow et al,. 1993Proc Natl Acad Set USA 90. 1 1054; Azuma et 
al.. 1993 Nature 366, 76; Hathcock et aL. 1993Sc/ence 262. 905; Freeman et 
al., 1993Sc/ence 262, 909). B7-1 and B7-3 are only expressed on the surface 
of a subset of B cells after 48 hours of contact with T cells. In contrast. 87-2 
mRNA is constitutively expressed by unstimulated B cells and increases 4-fold 
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within 4 hours of activation (Freeman et al., 1993Sc/enc0 262. 909; Boussiotis 
et al., 1993 Proc Natl Acad Sd USA 90, 1 1059). Since T cells commit to either 
the anergy or the activation pathway within 12-24 hours of the initial TCR 
signal, it is thought that B7-2 is the molecule responsible for the primary 
5 costimulatory signal. 87-1 and 87-3 may provide a subsequent signal 
necessary for clonal expansion. Antibodies to 87-2 completely block T cell 
proliferation in a mixed lymphocyte reaction (Azuma et al.. 1993 supra), 
supporting the central role of B7-2 in T cell activation. The^e experiments 
indicate that inhibition of B7-2 expression (for example with a ribozyme) would 
10 likely induce anergy. Similarly, inhibition of CD40 expression by a ribozyme 
would prevent 87-2 upregulation and could induce tolerance to specific 
antigens. 

87 (87-1) is a 60 KD modified trans-membrane glycoprotein usually 
present on the surface of antigen presenting cells (APC). 87 has two ligands- 
15 CD28 and CTLA4. Interaction of 87-1 with CD28 and/or CTLA4 causes 
activation of T cell responses (Janeway and Bottomly. 1994 Ce//76. 275). 

87-2 is a 70 KD (34 KD unmodified) tran.i membrane glycoprotein found 
on the surface of APCs. 87-2 encodes a 323 amino-acid protein which is 26 
% identical to human 87-1 protein. Like 87-1. CD28 and CTLA4 are 
20 selectively bound by 87-2. 87-2. unlike 87-1. is expressed on the surface of 
unstimulated B cells (Freeman et al.. 1993 supra). 

CD40 is a 45-50 KD surface glycoprotein found on the surface of late 
pre-8 cells in bone man-ow, mature 8 cells, bone marrow-derived dendritic 
cells and follicular dendritic cells (C!ari< and Ledbetter, 1994 Nature 367, 425). 

25 Successful organ transplantation cun-ently requires suppression of the 

reciplenfs immune system in order to prevent graft rejection and maintain 
good graft function. The available therapies, including cyclosporin A, FK506 

and various monoclonal antibodies, all have serious side effects (Caine, 1992 
Transplantation Proceedings 24. 1260; Fuleihan et al.. 1994 J. Clin. Invest 93, 
30 1315; Van Gool et al., 1994 Blood 176) . In addition, existing therapies 
result in general immune suppression, leaving the patient susceptible to a 
variety of opportunistic infections. The ability to induce a state of long-term. 
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antigen-specific tolerance to the donor tissue would revolutionize the field of 
organ and tissue transplantation. Since organ graft rejection is mediated by T 
cell effector function, the goal is to block specifically the activation of the 
subset of T cells that recognize donor antigens. A limitation in the field of 
5 transplantation is the supply of donor organs (Nowak 1994 Science 266. 
1148). The ability to induce donor-specific tolerance would substantially 
increase the chances of successful allographs, xenographs. thereby greatly 
increasing the donor pool. 

Such transplantation includes grafting of tissues and/or organ ie., 
10 implantation or transplantation of tissue and/or organs, from the body of an 
individual to a different place within the same or different individual. 
Transplantation also involve grafting of tissues and/or organs from one area of 
the body to another. Transplantation of tissues and/or organs between 
genetically dissimilar animals of the same species is tenned as allogeneic 
15 transplantation. Transplantation of animal organs into humans is termed 
xenotransplants (for a review see Nowak; 1994 Science 266. 1 148). 

One therapy currently being dev< ' -ped that has similar potential to 
induce antigen-specific tolerance is treatment with a CTLA4-lg fusion protein. 
"CTLA4" is a homologue of C028 that binds B7-1 and B7-2 with high affinity. 

20 The engineered, soluble fusion protein. CTLA4-lg, binds B7-1, thereby 
blocking its interaction with CD28. The results of CTLA4-lg treatment in 
animal studies are mixed. CTLA4-lg treatment significantly enhanced survival 
rates and ameliorated the symptoms of graft-versus host disease in a murine 
bone marrow tranplant model (Blazer et al., 1994 Blood 83. 3815). CTLA4-lg 

25 induced long-term (>110 days) donor-specific tolerance in pancreatic islet 
xenographs (Lenschow et al,. 1992Sc/ence 257. 789). Conversely, in another 
study CTLA4-lg treatment delayed but did not ultimately prevent cardiac 
allograft rejection (Turka, et al., 1992 Proc Nati Acad Set U S A 89, 11102). 
Mice immunized with sheep erythrocytes in the presence of CTLA4-lg failed to 

30 mount a primary immune response (Linsley, et al., 1992Sc/ence 257. 792). A 
secondary immunization did elicit some response, however, indicating 
incomplete tolerance. Interestingly, identical results were obtained when 
CTLA4-lg was administered 2 days after primary immunization, leading the 
authors to conclude that CTLA4-lg blocked amplification rather than initiation 
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of the immune response. Since CTLA4.|g has been shown to dissociate more 
rapidly from B7-2 compared with B7-1. this may explain the failure to induce 
long tenm tolerance in this model (Linsley et al., 1994 Immunity^. 793). 

CTLA4:lg has recently been shown to ameliorate symptoms of 
5 spontaneous autoimmune disease In lupus-prone mice (Finck et al., 1994 
Science 265. 1225). 

Linsley et al.. WO 92/00092 describe B7 antigen as a Ifgand for CD28 
receptor on T cells. The application states that- 

""The B7 antigen, or its fragnwnts or dofivallves are reacted with C028 positive T cells to 

1 0 regulate T cell interactions with other cells B7 antigen or C028 receptor may t>e used to 

inhibit interaction of cells associated with these molecules, thereby regulating T cell responses." 

De Boer and Conroy. WO 94/01547 describe the use of anti-B7 and anti- 
CD40 antibodies to treat allograft transplant rejection, graft versus host 
disease and rhematoid arthritis. The application states that- 

^5 "...anti-B7 and anti-C040 antibodies. ..can be used to prevent or treat an antibody- 

mediated or immune system disease in a patient.' 

Since signalling via CD40 precedes induction of B-7. blocking the CD40- 
C040L interaction would also have the potential to produce tolerance. 
According to one report, simultaneous treatment of mice with antibodies to 

20 CD40L and sheep red blood cells produced antigen-specific tolerance for up 
to 3 weeks following cessation of treatment (Foy et al.. 1993 J Exp Med 178. 
1567), Anti-CD40L also producf;S antigen specific tolerance in a pancreatic 
islet transplant model (R. Noelle, personal communication). Targeted 
inhibition of CD40 expression in B cells in addition to B7 would therefore 

25 afford double protection against activation of T cells. 

Therapeutic agents used to prevent rejection of a transplanted organ are 
all cytotoxic compounds or antibodies designed to suppress the cell-mediated 
immune system. The side effects of these agents are those of 
immunosuppression and infections. The primary approved agents are 
30 azathioprine. corticosteroids, cyclosporine; the antibodies are antilymphocyte 
or antithymocyte globulins. All of these are given to individuals who have 
been as closely matched as possible to their donors by both major and minor 
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histocompatibility typing. Since the principal problem in transplantation is an 
antigenic mismatch and the resulting need for cytotoxic therapy, any 
therapeutic Improvement which decreases the local immune response without 
general immunosuppression should capture the transplant market. 

5 Cyclosporine: At the end of the 1970's and eariy 1980*s the introduction 

of cyclosporine revolutionized the transplantation field. It is a potent 
immunosuppressant which can inhibit Immunocompetenj lymphocytes 
specifically and reversibly. Its primary mechanism of action appears to be 
inhibition of the production and release of interleukin*2 by T helper cells. In 

10 addition it also interferes with the release of interleukin*1 by macrophages, as 
well as proliferation of B lymphocytes. It was approved by the FDA in 1983 
and by 1989 was almost universally given to transplant recipients. At first it 
was believed that the toxicity and side effects from cyclosporine were minimal 
and it was hailed as a "wonder drug." Numerous side effects have been 

15 progressively cited, including the appearance of lymphomas, especially in the 
gastrointestinal tract; acute and chronic nephrotoxicity: hypertension; 
hepatotoxicity; hirsutism; anemia; neurotoxicity; endocrine and neurological 
complications; and gastrointestinal distress. It is nc j «/idely acknowledged 
that the non-specific side effects of the drug demand caution and close 

20 monitoring of its use. One-year survival rates for cadaver kidney transplants 
treated with cyclosporine is 80%, much better than the 50-60% rates without 
the drug. The one-year survival is almost 90% for transplants with related 
donors and the use of cyclosporine. 

Azathioprine: In addition to cyclosporine, azathioprine is used for 
25 transplant patients. Azathioprine is one of the mercaptopurine class of drugs 
and inhibits nucleic acid synthesis. Patients are maintained indefinitely on 
daily doses of Img/kg or less, with a dosage adjusted in accordance with the 
white cell count. The drug may cause depression of bone marrow elements 
and may cause jaundice. 

30 Corticosteroids: Prednisone, used in almost all transplant recipients, is 

usually given in association with azathioprine and cyclosporine. The dosage 
must be regulated carefully so as so prevent complications such as infection, 
development of cushingoid features, and hypertension. Usually the initial 
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maintenance prednisone dosage is 0.5 mg/kg/d. This dosage is usually 
funher decreased in the outpatient clinic until maintenance levels of about 10 
mg/d for adults are obtained. The exact site of action of corticosteroids on the 
immune response is not known. 

5 Antithvmoblast or antllvmphocvte Qlobulin (ALQ) and antithvmocvte 

Qlobulln (ATG): These are important adjunctive immunosuppressants. They 
are effective, particularly in induction of immunosuppressive therapy and in 
the treatment of corticosteroid-resistant rejection. Both ALG and ATG can be 
made by immunizing horses, rabbits, or sheep; the main source is horses, 
10 Lymphocytes from human peripheral blood, spleen, lymph nodes, or thymus 
serve as the immunogen. 

Tacrolimus: On April 13. 1994 the Food and Drug Administration 
approved another dmg to help prevent the rejection of organ transplants. The 
drug, tacrolimus, was approved only for use in liver transplant patients. An 

1 5 alternative to cyciosporine, the macrolide immunosuppressant tacrolimus is a 
powerful and selective anti-T-lymphocyte agent that was discovered in 1984. 
Tacrolimus, isolated from the fungus Streptomyces tsukubaensis, possesses 
immunodepressant properties similar to but more potent than cyciosporine. It 
inhibits both cell-mediated and humoral immune responses. Like 

20 cyciosporine. tacrolimus demonstrates considerable interindividual variation 
in its phamiacokinetic profile. Most clinical studies with tacrolimus have 
neither been published in their entirety nor subjected to extensive peer review; 
there is also a paucity of published randomized investigations of tacrolimus vs. 
cyciosporine. particularly in renal transplantation. Despite these drawbacks, 

25 tacrolimus has shown notable efficacy as a rescue or primary 
immunosuppressant therapy when combined with corticosteroids. The 
potential for reductional withdrawal of corticosteroid therapy with tacrolimus 
appears to be a distinct advantage compared with the cyciosporine. This 
benefit may be enhanced by reduced incidence of infectious complications. 

30 hypertension and hypercholesterolemia reported by some investigators, in 
other respects, the tolerability profile of tacrolimus appears to be broadly 
similar to that of cyciosporine. 
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In addition to induction of graft tolerance. T cell anergy can be used to 
reverse autoimmune diseases. Autoimmune diseases represent a broad 
category of conditions. A few examples include insulin-dependent diabetes 
mellitus (IDOM), multiple schlerosis (MS), systemic lupus erythematosus 

5 (SLE), rheumatoid arthritis (RA). myasthenia gravis (MG), and psoriasis. 
These seemingly disparate diseases all share the common feature of 
inappropriate immune response to specific self-antigens. Finck et al. supra 
have reported that CTLA4lg treatment of mice blocked *auto-antibody 
production in a mice model of SLE. In fact, this effect was observed even 

1 0 when the CTLA4lg treatment was initiated during the advanced stages of the 
disease, suggesting that the autoimmune response was a reversible process. 

Chappel. WO 94/11011 describes methods to treat autoimmune 
diseases by inducing tolerance to cells, tissues and organs. The application 
states that- 

1 5 "Celts geneticalty engineered with ONA encoding a plurality of antigens of a cell, tissue, 

or organ to which tolerance is to be induced. The cells are free of co-sttmulatory antigens, such 
as B7 antigen. Such celts induce T-ceil anergy against the proteins encoded by the ONA. and 
may be administered to a patient in order to prevent the onset of or to treat a;, autoimmune 
disease, or to induce tolerance to a tissue or organ prior to transplantation.* 

20 Allergic reactions represent an immediate hypersensitivity response to 

environmental antigens, typically mediated by IgE antibodies. The ability to 
induce antigen-specific tolerance provides a powerful avenue to alleviate 
allergies by exposure to the antigen in conjunction with down-regulation of 
B7-1,B7-2, B7-3 or CD40. 

25 The specific roles of 87-1, 87-2 and B7-3 in T cell activation remains to 

be detemfiined. Some studies suggest that their functions are essentially 
redundant (Hathcock et al 1994 J Exp. Med. 180. 631), or that the differences 
observed in the kinetics of expression might simply indicate that B7-2 is 
important in the initiation of the co-stimulatory signal, while B7-1 plays a role in 

30 the amplification of that signal. Other studies point to more specific functions. 
For example, Kuchroo et al., 1995 Celi 80. 707. have reported that blocking 
87- 1 expression may favor a Th2 response, while blocking 87-2 expression 
favors a Thi response. These two helper T cell subpopulations play distinct 
roles in the immune response and inflammatory disease, Thi cells are 
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strongly correlated with auto-immune disease. Allergic responses are 
typically triggered by Th2 response. Therefore, the decision to target B7-1. 
B7-2, CD40 or a combination of the above will depend to the particular 
disease application. 



Summan/ of the Inventiog 

Applicant notes that the inhibition of collagenase and stromelysin 
production in the synovial membrane of joints can be accomplished using 
ribozymes and antisense molecules. Ribozyme treatment can be a partner to 
current treatments which primarily target immune cells reacting to pre-existing 
tissue damage. Eariy ribozyme or antisense treatment which reduces the 
collagenase or stromelysin-induced damage can be followed by treatment 
with the anti-inflammatories or retinoids, if necessary. In this manner, 
expression of the proteinases can be controlled at both transcriptional and 
1 5 translational levels. Ribozyme or antisense treatment can be given to patients 
expressing radiological signs of osteoarthritis prior to the expression of clinical 
symptoms. Ribozyme or antisense treatment can impact the expression of 
stromelysin without introducing the non-specific effects upon gene expression 
which accompany treatment with the retinoids and dexamethasone. The 
ability of stromelysin to activate procollagenase indicates that a ribozyme or 
antisense molecule which reduces stromelysin expression can also be used 
in the treatment of both osteoarthritis (which is primarily a stromelysin- 
associated pathology) and rheumatoid arthritis <whi'ch is primarily related to 
enhanced collagenase activity). 

25 While a number of cytokines and growth factors induce 

metalloproteinase acfi^^ties during wound healing and tissue injuiy of a pre- 
osteoarthritic condition, these molecules are not preferred targets for 
therapeutic intervention. Primary emphasis is placed upon inhibiting the 
molecules which are responsible for the disruption of the extracellular matrix. 

30 because most people will be presenting radiologic or clinical symptoms prior 
to treatment. The most versatile of the metalloproteinases (the molecule which 
can do the most structural damage to the extracellular matrix, if not regulated) 
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is stromelysin. Additionally, this molecule can activate procollagenase. which 
In turn causes further damage to the collagen backbone of the extracellular 
matrix. Under nomial conditions, the conversion of prostromelysin to active 
stromelysin is regulated by the presence of inhibitors called TIMPs (tissue 
5 inhibitors of MMP). Because the level of TIMP in synovial cells exceeds the 
level of prostromelysin and stromelysin activity is generally absent from the 
synovial fluid associated with non-arthritic tissues, the toxic effects of Inhibiting 
stromelysin activity in non-target cells should be negligible. • 

Thus, the invention features use of specific ribozyme molecules to treat or 
10 prevent arthritis, particularly osteoarthritis, by inhibiting the synthesis of the 
prostromelysin molecule in synovial cells, or by inhibition of other matrix 
metalloproteinases discussed above. Cleavage of targeted mRNAs 
(stromelysin mRNAs, including stromelysin 1. 2. and 3, and collagenase) 
expressed in macrophages, neutrophils and synovial cells represses the 
1 5 synthesis of the zymogen form of stromelysin, prostromelysin, 

RIbozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide ba » 
sequence specific manner. It is said that such enzymatic RNA molecules can 
be targeted to virtually any RNA transcript and efficient cleavage has been 
20 achieved in vitro. Kim et a!., 84 Proc. Nat. Acad, of Rri i ira 8788, 1987; 
Haseloff and Geriach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al., 17 Nucleic Acid Reseamh 1371, 1989. 

Six basic varieties of naturally-occurring enzymatic RNAs are known 
presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds in 
trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table I summarizes some of the characteristics of these 
ribozymes. In general, enzymatic nucleic acids act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a enzymatic 
nucleic acid which is held in close proximity to an enzymatic portion of the 
molecule that acts to cleave the target RNA. Thus, the enzymatic nucleic acid 
first recognizes and then binds a target RNA through complementary base- 
pairing, and once bound to the con-ect site, acts enzymaticaliy to cut the target 
RNA. Strategic cleavage of such a target RNA will destroy its ability to direct 
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synthesis of an encoded protein. After an enzymatic nucleic acid has bound 
and cleaved its RNA target, it is released from that RNA to search for another 
target and can repeatedly bind and cleave new targets. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
5 complementarity in a substrate binding region to a specified mRNA target, and 
also has an enzymatic activity which is active to specifically cleave that mRNA. 
That is, the enzymatic RNA molecule is able to intermolecularly cleave mRNA 
and thereby inactivate a target mRNA molecule. This complementarity 
functions to allow sufficient hybridization of the enzymatic RNA molecule to the 
10 target RNA to allow the cleavage to occur. One hundred percent 
complementarity is preferred, but complementarity as low as 50-75% may also 
be useful in this invention. For in vivo treatment, complementarity between 30 
and 45 bases is preferred; although lower numbers are also useful 

By "complementary" is meant a nucleotide sequence that can form 
15 hydrogen bond(s) with other nucleotide sequence by either traditional 
Watson-Crick or other non-traditional types (for example Hoogsteen type) of 
base*paired interactions. 

The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid molecule 

20 simply binds to a nucleic acid target to block its translation) since the 
concentration of ribozyme necessary to affect a therapeutic treatment is lower 
than that of an antisense oligonucleotide. This advantage reflects the ability of 
the ribozyme to act enzymatically. Thus, a single ribozyme molecule is able to 
cleave many molecules of target RNA. In addition, the ribozyme is a highly 

25 specific inhibitor, with the specificity of inhibition depending not only on the 
base pairing mechanism of binding to the target RNA, but also on the 
mechanism of target RNA cleavage. Single mismatches, or base- 
substitutions, near the site of cleavage can completely elinninate catalytic 

activity of a ribozyme. Similar mismatches in antisense molecules do not 
30 prevent their action (Woolf, T. M., et al., 1992, Proc. Natl. Acad. Sci. USA . 89. 
7305-7309). Thus, the specificity of action of a ribozyme is greater than that of 
an antisense oligonucleotide binding the same RNA site. 
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In preferred embodiments of this invention, the enzymatic nucleic acid 
molecule is fonned in a hammerhead or hairpin motif, but may also be fornied 
in the motif of a hepatitis delta virus, group I intron or RNaseP RNA (in 
association with an RNA guide sequence) or Neurospora VS RNA. Examples 
5 of such hammerhead motifs are described by Rossi e( al„ 1992. Aids 
Research and Human Retroviruses 8. 183, of hairpin motifs by Hampel et ai, 
EPA 0360257, Hampel and Tritz, 1989 Biochemistry 28, 4929, and Hampel et 
ai., 1990 Nucleic Acids Res. 18. 299, and an example of the hepatitis delta 
virus motif is described by Perrotta and Been, 1992 Biochemistry 31. 16; of the 

10 RNaseP motif by Guerrier-Takada et al.. 1983 CM 35, 849. Neurospora VS 
RNA ribozyme motif is described by Collins (Saville and Collins, 1990 Cell 
61, 685-696; Saville and Collins. 1991 Proc. Natl. Acad. Sci, USA 88, 8826- 
8830; Collins and Olive, 1993 Biochemistry 32. 2795-2799) and of the Group I 
intron by Cech et al., U.S. Patent 4,987,071. These specific motifs are not 

1 5 limiting in the invention and those skilled in the art will recognize that all that is 
important in an enzymatic nucleic acid molecule of this invention which is 
complementary to one or more of the target gene RNA regions, and that it 
have nucleotide sequences within or surrounding that substrate binding site 
which impart an RNA cleaving activity to the molecule. 

20 The invention provides a method for producing a class of enzymatic 

cleaving agents which exhibit a high degree of specificity for the RNA of a 
desired target. The enzymatic nucleic acid molecule is preferably targeted to 
a highly conserved sequence region of a target stromelysin encoding mRNAs 
such that specific treatment of a disease or condition can be provided with 

25 either one or several enzymatic nucleic acids. Such enzymatic nucleic acid 
molecules can be delivered exogenously to specific cells as required. 
Altematively, the ribozymes can be expressed from DNA or RNA vectors that 
are delivered to specific cells. 

Synthesis of nucleic acids greater than 100 nucleotides in length is 
30 difficult using automated methods, and the therapeutic cost of such molecules 
is prohibitive. In this Invention, small enzymatic nucleic add motifs (e.g.. of the 
hammerhead or the hairpin structure) are used for exogenous delivery. The 
simple structure of these molecules increases the ability of the enzymatic 
nucleic acid to invade targeted regions of the mRNA structure. However. 
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these catalytic RNA molecules can also be expressed within cells from 
eukaryotic promoters (e.g., Scanlon et aL, 1991, Proc. Natl. Acad. g<?j , yi ff ft, 
88, 10591-5; Kashani-Sabet et al., 1992 Antisanse Res. Dev. . 2, 3-15; 
Dropulic et al., 1992 J, Vjrgt, 66, 1432-41; Weerasinghe et a!,. 1991 J, Virol . 
5 65. 5531-4; Ojwang et al., 1992 Proc. NatL Ac ad. Sci. USA 89, 10802-6; 
Chen et a!., 1992 Nucleic Acids Res.. 20, 4581-9; Sarver et al.. 1990 Science 
247, 1222-1225; Thompson etal., 1995 Nucleic Acids Re^. P:^, 2259). Those 
skilled In the art realize that any ribozyme can be expressed in: eukaryotic cells 
from the appropriate DNA vector. The activity of such ribozymes can be 
1 0 augmented by their release from the primary transcript by a second ribozyme 
(Draper et al., PCT WO 93/23569. and Sullivan et al.. PCT WO 94/02595; 
Ohkawa et al., 1992 Nucleic Acid s Svmo. Ser . 27. 15-6; Taira et aL. 1991. 
NlidW Acidg Rggt. 19. 5125-30; Ventura et aL, 1993 Nucleic Acids Res.. P1 . 
3249-55; Chowrira et al., 1994 J. BioL Chem 269. 25856) . 

1 5 Ribozyme therapy, due to its exquisite specificity, is particulariy well- 

suited to target mRNA encoding factors that contribute to disease pathology. 
Thus, ribozymes that cleave stromelysin mRNAs may represent novel 
therapeutics for the treatment of asthma. 

Thus, in a first aspect, the invention features ribozymes that inhibit 
20 stromelysin production. These chemically or enzymatically synthesized RNA 
molecules contain substrate binding domains that bind to accessible regions 
of their target mRNAs. The RNA molecules also contain domains that catalyze 
the cleavage of RNA. The RNA molecules are preferably ribozymes of the 
hammerhead or hairpin motif. Upon binding, the ribozymes cleave the target 
25 stromelysin encoding mRNAs, preventing translation and stromelysin protein 
accumulation. In the absence of the expression of the target gene, a 
therapeutic effect may be observed. 

By "inhibit" is meant that the activity or level of stromelysin encoding 
mRNAs and protein is reduced below that obsen/ed in the absence of the 
30 ribozyme. and preferably is below that level obsen/ed in the presence of an 
inactive RNA molecule able to bind to the same site on the mRNA, but unable 
to cleave that RNA. 
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Such ribozymes are useful for the prevention of the diseases and 
conditions discussed above, and any other diseases or conditions that are 
related to the level of stromelysin activity in a cell or tissue. By "related" is 
meant that the Inhibition of stromelysin mRNAs and thus reduction in the level 
5 of stromelysin activity will relieve to some extent the symptoms of the disease 
or condition. 

Ribozymes are added directly, or can be complexed with cationic lipids, 
packaged within liposomes, or otherwise delivered to target cells. The RNA or 
RNA complexes can be locally administered to relevant tissues ex vivo , or in 

10 vivo through injection, aerosol inhalation, infusion pump or stent, with or 
without their incorporation in biopolymers. tn preferred embodiments, the 
ribozymes have binding arms which are complementary to the sequences in 
Tables All, Alll, AlV, AVI, AVlll and AIX. Examples of such ribozymes are 
shown in Tables AV, AVIl, AVlll and AIX. Examples of such ribozymes consist 

1 5 essentially of sequences defined in these Tables. 

By "consists essentially of is meant that the active ribozyme contains an 
enzymatic center equivalent to those in the examples, and binding arms able 
to bind mRNA such that cleavage at the target site occurs. Other sequences 
may be present which do not interfere with such cleavage. 

20 In a related aspect the Invention features ribozymes that cleave target 

molecules and inhibit stromelysin activity are expressed from transcription 
units inserted into DNA or RNA vectors. The recombinant vectors are 
preferably DNA plasmids or viral vectors. Ribozyme expressing viral vectors 
could be constructed based on, but not limited to, adeno-associated virus, 

25 retrovirus, adenovirus, or alphavirus. Preferably, the recombinant vectors 
capable of expressing the ribozymes are delivered as described above, and 
persist in target cells. Alternatively, viral vectors may be used that provide for 
transient expression of ribozymes. Such vectors might be repeatedly 
administered as necessary. Once expressed, the ribozymes cleave the target 

30 mRNA. Delivery of ribozyme expressing vectors could be systemic, such as by 
intravenous or intramuscular administration, by administration to target cells 
ex-planted from the patient followed by reintroduction into the patient, or by 
any other means that would allow for introduction into the desired target cell. 
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By -vectors" is meant any nucleic acid- and/or viral-based technique 
used to deliver a desired nucleic acid. 

Tliis class of chemicals exhibits a high degree of specificity for cleavage 
of the intended target mRNA. Consequently, the ribozyme agent will only 
affect cells expressing that particular gene, and will not be toxic to normal 
tissues. 

The Invention can be used to treat or prevent (prophylacticaliy) 
osteoarthritis or other pathological conditions which are mediated by 
metalloproteinase activation. The preferred administration protocol is in vivo 
administration to reduce the level of stromelysin activity. 

Thus, the invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of an 
arthritic condition, a^, mRNA encoding stromelysin, and in particular, those 
mRNA targets disclosed in the accompanying tables, which include both 
hammerhead and hairpin target sites. In each case the site is flanked by 
regions to which appropriate substrate binding arms can be synthesized and 
an appropriate hammerhead or hairpin motif can be added to provide 
enzymatic activity, by methods described herein and known in the art. For 
example, referring to Figure 1. arms I and III are modified to be specific 
substrate-binding amis, and anm II remains essentially as shown. 

Ribozymes that cleave stromelysin mRNAs represent a novel therapeutic 
approach to arthritic disorders like osteoarthritis. The invention features use of 
ribozymes to treat osteoarthritis, fi^ by inhibiting the synthesis of 
prostromelysin molecule in synovial cells or by the inhibition of matrix 
metalloproteinases. Applicant indicates that ribozymes are able to inhibit the 
secretion of stromelysin and that the catalytic activity of the ribozymes is 
required for their inhibitoiy effect. Those of ordinary skill in the art. will find that 

it is clear from the examples described that other ribozymes that cleave 
stromelysin encoding mRNAs may be readily designed and are within the 
invention. 

in other related aspects, the invention features a mammalian cell which 
includes an enzymatic RNA molecule as described above. Preferably, the 
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mammalian cell is a human cell; and the invention features an expression 
vector which includes nucleic acid encoding an enzymatic RNA molecule 
described above, located in the vector, in a manner which allows 
expression of that enzymatic RNA molecule within a mammalian cell; or a 
5 method for treatment of a disease or condition by administering to a patient an 
enzymatic RNA molecule as described above. 

The Invention provides a class of chemical cleaving agents which exhibit 
a high degree of specificity for the mRNA causative of an arthritic condition. 
Such enzymatic RNA molecules can be delivered exogenously or 
10 endogenously to infected cells. In the preferred hammerhead motif the small 
size (less than 40 nucleotides, preferably between 32 and 36 nucleotides in 
length) of the molecule allows the cost of treatment to be reduced. 

The enzymatic RNA molecules of this Invention can be used to treat 
arthritic or prearthritic conditions. Such treatment can also be extended to 
1 5 other related genes in nonhuman primates. Affected animals can be treated at 
the time of arthritic risk detection, or in a prophylactic manner. This timing of 
treatment will reduce the chance of further arthritic damage. 

In another aspect, the invention features novel nucleic acid-based 
techniques (e.g.. enzymatic nucleic acid molecules (ribozymes). antisense 
20 nucleic acids. 2-5A antisense chimeras, triplex DNA. antisense nucleic acids 
containing RNA cleaving chemical groups (Cook et a!.. U.S. Patent 
5.359.051)] and methods for their use to induce graft tolerance, to treat 
autoimmune diseases such as lupus, rheumatoid arthritis, multiple sclerosis 
and to treatment of allergies. 

25 In a preferred embodiment, the invention features use of one or more of 

the nucleic acid-based techniques to induce graft tolerance by inhibiting the 
synthesis of B7-1 . B7-2. B7-3 and CD40 proteins. 

Those in the art will recognize the other potential targets, for e.g.. ICAM^l . 
VCAM-1, pi integrin (VLA4) are also suitable for treatment with the nucleic 
30 acid-based techniques described in the present invention. 
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By "inhibir is meant that the activity of B7-1, B7-2. B7-3 and/or CD40 or 
level of mRNAs encoded by B7-1. B7.2, B7.3 and/or CD40 is reduced below 
that observed in the absence of the nucleic acid. In one embodiment, 
inhibition with ribozymes preferably is below that level observed in the 
5 presence of an enzymatically inactive RNA molecule able to bind to the same 
site on the mRNA, but unable to cleave that RNA. 

By -equivalent" RNA to B7.1, B7-2, B7-3 and/or CD40 is meant to include 
those naturally occurring RNA molecules associated with graft rejection in 
various animals, including human, mice. rats, rabbits, primates and pigs. 

By "antisense nucleic acid" is meant a non-enzymatic nucleic acid 
molecule that binds to another RNA (target RNA) by means of RNA-RNA or 
RNA-DNA or RNA-PNA (protein nucleic acid; Egholm et a!.. 1993 Nature 365, 
566) interactions and alters the activity of the target RNA (for a review see 
Stein and Cheng, 1993 Sc/ence 261. 1004). 

By "2-5A antisense chimera" is meant, an antisense oligonucleotide, 
containing a 5* phosphorylated 2*-5*-linked adenylate residues. These 
chimeras bind to target RNA in a sequence-specific manner and activate a 
cellular 2-5A-dependent ribonuclease which in turn cleaves the target RNA 
(Torrence et al., 1993 Proc. Watf. Acad Sd. USA 90, 1300). 

By "triplex DNA" is meant an oligonucleotide that can bind to a double- 
stranded DNA in a sequence-specific manner to form a triple-strand helix. 
Triple-helix formation has been shown to inhibit transcription of the targeted 
gene (Duval-Valentin et al., 1992 Proc. Natl. Acad. Sci.USA 89, 504). 

By "gene" is meant a nucleic acid that encodes an RNA. 

Ribozymes that cleave the specified sites in B7-1. B7-2, B7-3 and/or 
C040 mRNAs represent a novel therapeutic approach to induce graft 

tolerance and treat autoimmune diseases, allergies and other inflammatory 
conditions. Applicant indicates that ribozymes are able to inhibit the activity of 
B7-1 . B7-2, B7-3 and/or CD40 and that the catalytic activity of the ribozymes is 
required for their inhibitory effect. Those of ordinary skill in the art, will find that 
it is clear from the examples described that other ribozymes that cleave these 



wo 96/18736 



PCT/US95/15516 



20 

sites in B7-1. B7-2, B7-3 and/or CD40 mRNAs may be readily designed and 
are within the invention. 

In a preferred embodiment the invention provides a method for producing 
a class of enzymatic cleaving agents which exhibit a high degree of specificity 

5 for the RNA of a desired target. The enzymatic nucleic acid molecule is 
preferably targeted to a highly conserved sequence region of a target mRNAs 
encoding 87-1, B7-2. B7-3 and/or CD40 proteins such that specific treatment 
of a disease or condition can be provided with either one or several enzymatic 
nucleic acids. Such enzymatic nucleic acid molecules can be delivered 

10 exogenously to specific cells as required. Alternatively, the ribozymes can be 
expressed from DNA/RNA vectors that are delivered to specific cells. 

Such ribozymes are useful for the prevention of the diseases and 
conditions discussed above, and any other diseases or conditions that are 
related to the levels of B7-1. B7-2. B7-3 and/or CD40 activity in a cell or tissue. 
15 By "related" is meant that the inhibition of B7-1. B7-2. B7-3 and/or CD40 
mRNAs and thus reduction in the level respective protein activity will relieve to 
some extent the symptoms of the disease or condition. 

Ribozymes are added directly, or can be complexed with cationic lipids. 

packaged within liposomes, or othenwise delivered to target cells. The nucleic 
20 acid or nucleic acid complexes can be locally administered to relevant tissues 

ex vivo, or in vivo through injection, infusion pump or stent, with or without their 

incorporation in biopolymers. In preferred embodiments, the ribozymes have 

binding anms which are complementary to the sequences in Tables Bll, BIV. 

BVI. BVIII. BX. BXII. BXIV. BXV. BXVI. BXVII. BXVIII and BXIX. Examples of 
25 such ribozymes are shown in Tables Bill. BV, BVI. BVII, BIX, BXI. BXIII, BXIV. 

BXV, BXVI, BXVII, BXVIII and BXIX. Examples of such ribozymes consist 

essentially of sequences defined in these Tables. 

In another aspect of the invention, ribozymes that cleave target 
molecules and Inhibit B7-1. B7-2, 87-3 and/or CD40 activity are expressed 
30 from transcription units inserted into DNA or RNA vectors. The recombinant 
vectors are preferably DNA plasmids or viral vectors. Ribozyme expressing 
viral vectors could be constructed based on. but not limited to. adeno- 
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associated virus, retrovirus, adenovirus, or alphavirus. Preferably, the 
recombinant vectors capable of expressing the ribozymes are delivered as 
described above, and persist in target cells. Alternatively, viral vectors may be 
used that provide for transient expression of ribozymes. Such vectors might be 
5 repeatedly administered as necessary. Once expressed, the ribozymes 
cleave the target mRNA. Delivery of ribozyme expressing vectors could be 
systemic, such as by intravenous or intramuscular administration, by 
administration to target cells ex-planted from the patient followed by 
reintroduction into the patient, or by any other means that would allow for 
1 0 introduction into the desired target cell. 

Other features and advantages of the invention will be apparent from the 
following description of the preferred embodiments thereof, and from the 
claims. 



15 Description of the Preferred Embodiments 

The drawings will first briefly be described. 
Drawings 

Figure 1 is a diagrammatic representation of the hammerhead ribozyme 
domain known in the art. Stem II can be ^ 2 base-pairs long. 

20 Figure 2a is a diagrammatic representation of the hammerhead ribozyme 

domain known in the art; Figure 2b is a diagrammatic representation of the 
hammerhead ribozyme as divided by Uhlenbeck (1987, /Vafar^. 327, 596-600) 
Into a substrate and enzyme portion; Figure 2c is a similar diagram showing 
the hammertiead divided by Haseloff and Geriach (1988, Nature . 334, 585- 

25 591) into two portions; and Figure 2d is a similar diagram showing the 
hammerhead divided by Jeffries and Symons (1989. NucL Acids. Res. . 17, 
1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (i.e., n is 
30 1 , 2, 3 or 4) and helix 5 can be optionally provided of length 2 or more bases 
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(preferably 3 • 20 bases. m is from 1 - 20 or more). Helix 2 and helix 5 
may be covalently linked by one or more bases {i.e., r is ^ 1 base). Helix 1, 4 
or 5 may also be extended by 2 or more base pairs {e.g., 4 - 20 base pairs) to 
stabilize the ribozyme structure, and preferably is a protein binding site. In 
5 each instance, each N and N' independently is any normal or modified base 
and each dash represents a potential base-pairing interaction. These 
nucleotides may be modified at the sugar, base or phosphate. Complete base- 
pairing is not required in the helices, but is prefenred. Helix f and 4 can be of 
any size {i.e., o and p is each independently from 0 to any number, e.g., 20) as 

10 long as some base-pairing is maintained. Essential bases are shown as 
specific bases in the structure, but those in the art will recognize that one or 
more may be modified chemically (abasic, base, sugar and/or phosphate 
modifications) or replaced with another base without significant effect. Helix 4 
can be fomied from two separate molecules, i.e., without a connecting loop. 

15 The connecting loop when present may be a ribonucleotide with or without 
modifications to its base, sugar or phosphate. "q" is > 2 bases. The 
connecting loop can also be replaced with a non-nucleotlde linker molecule. 
H , refers to bases A. U or C. Y refers to pyrimidine bases. " - " refers to a 
chemical bond. 

20 Figure 4 is a representation of the general structure of the hepatitis delta 

virus ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self-cleaving 
VS RNA ribozyme domain. 

Figure 6 is a schematic representation of an RNaseH accessibility assay. 
25 Specifically, the left side of Figure 6 is a diagram of complementary DNA 
oligonucleotides bound to accessible sites on the target RNA. 
Complementary ONA oligonucleotides are represented by broad lines labeled 
A. B, and C. Target RNA is represented by the thin, twisted line. The right side 
of Figure 6 is a schematic of a gel separation- of uncut target RNA from a 

30 cleaved target RNA. Detection of target RNA is by autoradiography of body- 
labeled, T7 transcript. The bands common to each lane represent uncieaved 
target RNA: the bands unique to each lane represent the cleaved products. 
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Figure 7 shows in vitro cleavage of stromelysin mRNA by HH ribozymes. 

Rgure 8 shows inhibition of stromelysin expression by 21 HH ribozyme in 
HS-27 fibroblast cell line. 

Figure 9 shows inhibition of stromelysin expression by 463HH ribozyme 
in HS-27 fibroblast cell line. 

Figure 10 shows inhibition of stromelysin expressJon by 1049HH 
ribozyme In HS-27 fibroblast cell line. 

Figure 11 shows inhibition of stromelysin expression by 1366HH 
ribozyme in HS.27 fibroblast cell line. 

Figure 12 shows inhibition of stromelysin expression by 1410HH 
ribozyme in HS-27 fibroblast cell line. 

Figure 13 shows inhibition of stromelysin expression by 1489HH 
ribozyme in HS-27 fibroblast cell line. 

Figure 14 shows 1049HH ribozyme-mediated reduction in the level of 
1 5 stromelysin mRNA in rabbit knee. 

Rgure 15 shows 1049HH ribozyme-mediated reduction in the level of 
stromelysin mRNA in rabbit knee. 

Figure 16 shows 1049HH ribozyme-mediated reduction in the level of 
stromelysin mRNA In rabbit knee. 

20 Figure 17 shows the effect of phosphorothioate substitutions on the 

catalytic activity of 1049 2'-C-allyl HH ribozyme. A) diagrammatic 
representation of 1049 hammerhead ribozyme«substrate complex. 1049 U4- 
C-allyl P=S ribozyme represents a hammerhead containing ribose residues at 
five positions. The remaining 31 nucleotide positions contain 2'-hydroxyl 

25 group substitutions, wherein 30 nucleotides contain 2'-0-methyl substitutions 
and one nucleotide (U4) contains 2'-C-allyl substitution. Additionally, five 
nucleotides within the ribozyme. at the 5' and 3' termini, contain 
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phosphorothioate substitutions. B) shows the ability of ribozyme described in 
Fig. 17A to decrease the level of stromelysin RNA in rabbit knee. 

Figure 18 is a diagrammatic representation of chemically modified 
ribozymes targeted against stromelysin RNA. 1049 2'-amino P=S Ribozyme 
5 represents a hammerhead containing ribose residues at five positions. The . 
remaining 31 nucleotide positions contain 2*-hydroxyl group substitutions, 
wherein 29 nucleotides contain 2*-0-methyl substitutions and two nucleotides 
(U4 and U7) contain 2 -amino substitution. Additionally, the 3* end of this 
ribozyme contains a 3*-3* linked inverted T and four nucleotides at the 5' 
10 temiini contain phosphorothioate substitutions. Arrow-head indicates the site 
of RNA cleavage (site 1049). 1363 2'-Amino P=S, Human and Rabbit 1366 2*- 
Amino P^S ribozymes are identical to the 1049 2'-amino P=S ribozyme 
except that they are targeted to sites 1363 and 1366 within stromelysin RNAs. 

Figure 19 shows 1049 2'-amino P=S ribozyme-mediated reduction in the 
1 5 level of stromelysin mRNA in rabbit knee. 

Figc.iro 20 shows 1363 2'-amino P=S ribozyme-mediated reduction in the 
level of iTjomelysin mRNA in rabbit knee. 

Figure 21 shows 1366 2*-amino P=S ribozyme-mediated reduction in the 
level of stromelysin mRNA in rabbit knee. 

20 Figures 22a-d are diagrammatic representations of non-limiting 

examples of base modifications for adenine, guanine, cytosine and uracil, 
respectively. 

Figure 23 is a diagrammatic representation of a position numbered 
hammerhead ribozyme (according to Hertel ef a/.. Nucleic Acids Res. 1992, 
25 20:3252) showing specific substitutions in the catalytic core and substrate 
binding arms. Compounds 4. 9. 13, 17, 22 and 23 are described in Fig. 24. 

Figure 24 is a diagrammatic representation of various nucleotides that 
can be substituted in the catalytic core of a hammerhead ribozyme. 

Figure 25 is a diagrammatic representation of the synthesis of a 
30 ribothymidine phosphoramidite. 
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Figure 26 is a diagrammatic representation of the syntliesis of a 
5-methylcytidine phosphoramidite. 

Figure 27 is a diagrammatic representation of the synthesis of 

5- bromouridine phosphoramidite. 

5 Figure 28 is a diagrammatic representation of the synthesis of 

6- a2aurldlne phosphoramidite. 

Figure 29 is a diagrammatic representation of the synthesis of 
2,6-diaminopurine phosphoramidite. 

Figure 30 is a diagrammatic representation of the synthesis of a 
10 6-methyiuridine phosphoramidite. 

Figure 31 is a representation of a hammerhead ribozyme targeted to site 
A (HH-A). Site of 6-methyl U substitution is indicated. 

Figure 32 shows RNA cleavage reaction catalyzed by HH-A ribozyme 
containing 6-methyl U-substitution (6-methy|.U4). U4. represents a HH-A 
1 5 ribozyme containing no 6-methyl-U substitution. 

Figure 33 is a representation of a hammerhead ribozyme targeted to site 
B (HH-B). Sites of 6-methyl U substitution are indicated. 

Figure 34 shows RNA cleavage reaction catalyzed by HH-B ribozyme 
containing 6-methyl U-substitutions at U4 and U7 positions (6-methyl-U4). U4. 
20 represents a HH-B ribozyme containing no 6-methyl-U substitution. 

Rgure 35 is a representation of a hammerhead ribozyme targeted to site 
C (HH-C). Sites of 6-methyl U substitution are indicated. 

Figure 36 shows RNA cleavage reaction catalyzed by HH-C ribozyme 

containing 6-methyl U-substttutlons at U4 and U7 positions (6-methyl-U4). U4. 
;S represents a HH-C ribozyme containing no 6-methyl-U substitution. 

Figure 37 shows e-methyl-U-substituted HH-A ribozyme-mediated 
inhibition of rat smooth muscle cell proliferation. 
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Figure 38 shows 6-methyl-U-substituted HH-C ribozyme-mediated 
Inhibition of stromelysin protein production in human synovial fibroblast cells. 

Figure 39 is a diagrammatic representation of the synthesis of pyridin-2- 
one nucleoside and pyridln-4-one nucleoside phosphoramidite. 

Figure 40 is a diagrammatic representation of the synthesis of 2-0-f- 

Butyldimethylsilyl-5-Odimethoxytrityl-3-0(2-cyanoethyl-/V,A^. 

diisopropylphosphoramidite)-1-deoxy-1-phenyl-b-D-ribofuranose 
phosphoramidite. 

Figure 41 is a diagrammatic representation of the synthesis of 
pseudouridine. 2.4,6-trimethoxy benzene nucleoside and 3-methyluridine 
phosphoramidite. 

Figure 42 is a diagrammatic representation of the synthesis of 
dihydrouridine phosphoramidite. 

Rgure 43 A) i? diagrammatic representation of a hammerhead ribozyme 
targeted to site . B) shows RNA cleavage reaction catalyzed by 
hammerhead ribozyme with modified base substitutions at either position 4 or 
position 7. 

Figure 44 shows further kinetic characterization of RNA cleavage 
reactions catalyzed by HH-B ribozyme (A); HH-B with pyridin-4-one 
substitution at position 7 (B); and HH-B with phenyl substitution at position 7 
(C). 

Rgure 45 is a diagrammatic representation of the synthesis of 2-0-f- 
Butyldimethylsilyl-5-0-Dimethoxytrityl-3-0-(2-Cyanoethy|.A/,AA 
diisopropylphosphoramidite)-1 -Deoxy-1 -Naphthyl-p-D-Ribofuranose. 

Rgure 46 is a diagrammatic representation of the synthesis of Synthesis 
of 2-0-/-Butyldimethylsilyl-5-O-Dimethoxytrityl-3-O-(2-Cyanoethyl-A/./V- 
dlisopropylphosphoramidite)-1.Deoxy-1.(p-Aminophenyl)-p-D-Ribofuranose. 
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Figure 47 is a diagrammatic representation of a position numbered 
hammerhead ribozyme (according to Hertel et ai Nucleic Acids Res. 1992. 
20, 3252) showing specific substitutions. 

Figure 48 shows the structures of various 2'-alkyl modified nucleotides 
which exemplify those of this invention. R groups are alkyi groups. Z is a 
protecting group. 

Figure 49 is a diagrammatic representation of the synthesis of 2*-C-allyl 
uridine and cytidine. 

Figure 50 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2*-C-difluoromethylene uridine. 

Figure 51 Is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene cytidine. 

Figure 52 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene adenosine. 

Figure 53 is a diagrammatic representation of the synthesis of 2'-C- 
carboxymethylidine uridine. 2'-C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alky! as discussed above, or another 
substituent. 

Figure 54 is a diagrammatic representation of the synthesis of 2*-C-allyl 
uridine and cytidine phosphoramidites. 

Figure 55 is a diagrammatic representation of the synthesis of 2'-0- 
alkyfthioalkyl nucleosides or non-nucleosides and their phosphoramidites. R 
Is an alkyl as defined above. B is any naturally occuring or modified base 
bearing any N-protectIng group suitable for standard oligonucleotide 
synthesis (Usman et al.. supra; Scaringe et al.. supra), and/or H (non- 
nucleotide). as described by the publications discussed above. CE is 
cyanoethyl. DMT is a standard blocking group. Other abbreviations are 
standard in the art. 



wo 96/18736 



PCrAJS95/l55l6 



26 

Figure 56 is a diagrammatic representation of a hammerhead ribozyme, 
targeted to site B (HH-B), containing 2*-0-methylthiomethyl substitutions. 

Figure 57 shows RNA cleavage activity catalyzed by 2'-0- 
methylthiomethyl substituted ribozymes. A plot of percent cleaved as a 

5 function of time is shown. The reactions were carried out at 37^*0 in the 
presence of 40 nM ribozyme, 1 nM substrate and 10 mM MgCl2- Control HH- 
B ribozyme contained the following modifications; 29 positions were modified 
with 2-0-methyl, U4 and U7 positions were modified with 2'-amino groups. 5 
positions contained 2'-0H groups. These modifications of the control 

10 ribozyme have previously been shown not to significantly effect the activity of 
the ribozyme (Usman et al., 1994 Nucleic Acids Symposium Series 31 , 163). 

Figure 58 is a diagrammatic representation of the synthesis of an abasic 
deoxyribose or ribose non-nucleotide mimetic phosphoramidite. 

Figure 59 is a diagrammatic representation of a hammerhead ribozyme 
1 5 targeted to site B (HH-B). Arrow indicates the cleavage site- 
Figure 60 is a diagrammatic representation of HH-B ribozyme containing 
abasic substitutions (HH-Ba) at various positions. Ribozymes were 
synthesized as described in the application. "X* shows the positions of abasic 
substitutions. The abasic substitutions were either made individually or in 
20 certain combinations. 

Figure 61 shows the in vitro RNA cleavage activity of HH-B and HH-Ba 
ribozymes. All RNA, refers to HHA ribozyme containing no abasic substitution. 
U4 Abasic. refers to HH-Ba ribozyme with a single abasic (ribose) substitution 
at position 4. U7 Abasic, refers to HH-Ba ribozyme with a single abasic 
25 (ribose) substitution at position 7. 

Figure 62 shows in vitro RNA cleavage activity of HH-B and HH-Ba 
ribozymes. Abasic Stem II Loop, refers to HH-Ba ribozyme with four abasic 
(ribose) substitutions within the loop in stem 11. 
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Figure 63 shows in vitro RNA cleavage activity of HH-B and HH-Ba 
ribozymes. 3-lnvert6d Oeoxyribose, refers to HH-Ba ribozyme with an 
inverted deoxyribose (abasic) substitution at its 3* termini. 

Figure 64 is a diagrammatic representation of a hammerhead ribozyme 
5 targeted to site A (HH-A). Target A is involved in the proliferation of 
mammalian smooth muscle cells. Arrow indicates the site of cleavage. 
Inactive version of HH-A contains 2 base*substitutions (G5U and A15.1U) that 
renders the ritK)zyme catalytically inactive. 

Figure 65 is a diagrammatic representation of HH-A ribozyme with abasic 
1 0 substitution (HH-Aa) at position 4. X, shows the position of abasic substitution. 

Figure 66 shows ribozyme-mediated inhibition of rat aortic smooth 
muscle cell (RASMC) proliferation. Both HH-A and HH-Aa ribozymes can 
inhibit the proliferation of RASMC in culture. Catalytically inactive HH-A 
ribozyme shows inhibition which is significantly lower than active HH-A and 
15 HH-Aa ribozymes. 

Figure 67 is a schematic representation uf a two pot deprotection 
protocol with ethylamine (EA). 

Figure 68 shows a strategy used in synthesizing a hammerhead 
ribozyme from two halves. X and Y represent reactive moieties that can 
20 undergo a chemical reaction to form a covalent bond (represented by the solid 
curved line). 

Figure 69 shows various non-limiting examples of reactive moieties that 
can be placed in the nascent loop region to form a covalent bond to provide a 
fulMength ribozyme. CH2 can be any linking chain as described above 
25 including groups such as methylenes, ether, ethylene glycol, thioethers, 
double bonds, aromatic groups and others; each n independently is an integer 

from 0 to 10 inclusive and may be the same or different; each R independently 
is a proton or an alkyi, alkenyl and other functional groups or conjugates such 
as peptides, steroids, hoemones, lipids, nucleic acid sequences and others 
30 that provides nuclease resistance, improved cell association, improved 
cellular uptake or interacellular localization. 
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Figure 70 shows non-limiting examples of covalent bonds that can be 
formed to provide the full length ribozyme. The morpholino group arises from 
reductive reaction of a dialdehyde, which arises from oxidative cleavage of a 
ribose at the 3'-6nd of one half ribozyme with an amine at the 5'-end of the half 
5 riboryme. The amide bond is produced when an acid at the 3'-end of one half 
ribozyme is coupled to an amine at the 5'-end of the other half ribozyme. 

Figure 71 shows non-limiting examples of three ribozymes that were 
synthesized from coupling reactions of two halves. All three were targeted to 
the srte A of c-myb RNA (HH-A). HH-A1 was fomied from the reaction of two 
10 thiols to provide the disulfide linked ribozyme. HH-A2 and HH-A3 were 
formed using the morpholino reaction. HH-A2 contains a five atom spacer 
linldng the terminal amine to the 5'-end of the half ribozyme. HH-A3 contains 
a six carbon spacer linldng the terminal amine to the 5'-end of the half 
ribozyme. 

15 Figure 72 shows comparative cleavage activity of half ribozymes. 

containing five and six base pair stem II regions, that are not covalently linked 
vs a full length ribozyme. Assays were c rried out under ribozyme excess 
conditions. 

Figure 73 shows comparative cleavage activity of half ribozymes, 
20 containing seven and eight base pair stem II regions, that are not covalently 
linked vs a full length ribozyme. Assays were carried out under ribozyme 
excess conditions. 

Figure 74 shows comparative cleavage assay of HH-A1 , HH-A2 and HH- 
A3 (see Figure 72) fonfned from crosslinking reactions vs a full length ribozyme 
25 control. Assays were carried out under ribozyme excess conditions. 

Figure 75. Schematic representation of RNA polymerse III promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A. B and C. refer to consensus A. B and C box promoter 
sequences. I. refers to intemiediate cis-acting promoter sequence. PSE. 
30 refers to proximal sequence element. DSE, refers to distal sequence element. 
ATF, refers to activating transcription factor binding element. ?, refers to cis- 
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acting sequence element that has not been fully characterized; EBER, 
Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the art. 

Figure 76 is a general formula for pol III RNA of this Invention. 

Figure 77 is a diagrammatic representation of a U6-S35 Chimera. The 
5 S35 motif and the site of insertion of a desired RNA are indicated. This 
chimeric RNA transcript is under the control of a U6 small nuclear RNA 
(snRNA) promoter. 

Figure 78 is a diagrammatic representation of a U6-S35-ribozyme 
chimera. The chimera contains a hammerhead ribozyme targeted to site I 
10 (HHI). 

Figure 79 is a diagrammatic representation of a U6-S35-ribozyme 
chimera. The chimera contains a hammerhead ribozyme targeted to site II 
(HHII). 

Figure 80 shows RNA cleavage reaction catalyzed by a synthetic 
15 hammerhead ribozyme (HHI) and by an in vitro transcript of U6-S3S-HHI 
hammerhead ribozyme. 

Figure 81 shows stability of U6-S35-HHII RNA transcript in 293 
mammalian cells as measured by actinomycin D assay. 

Rgure 82 is a diagrammatic representation of an adenovirus VA1 RNA. 
20 Various domains within the RNA secondary structure are indicated. 

Figure 83 A shows a secondary structure model of a VA1-S35 chimeric 
RNA containing the promoter elements A and B box. The site of insertion of a 
desired RNA and the S35 motif are indicated. The transcription unit also 
contains a stable stem (S35-llke motH) in the central domain of the VA1 RNA 
25 which positions the desired RNA away from the main transcript as an 
independent domain. 83B shows a VAi -chimera which consists of the 
temilnal 75 nt of a VAI RNA followed by the HHI ribozyme. 

Figure 84 shows a comparison of stability of VAI -chimeric RNA vs VAi- 
S35-chimeric RNA as measured by actinomycin D assay. VAI -chimera 
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consists of terminal 75 nt of VA1 RNA followed by HHI ribozyme. VA1-S35- 
chimera structure and sequence is shown in Figure 83. 

Ribozvmes 

Ribozymes in one aspect of this invention block to some extent 
5 stromelysin expression and can be used to treat disease or diagnose such 
disease. Ribozymes are delivered to cells in culture and to cells or tissues in 
animal models of osteoarthritis (Hembry et al., 1993 Am. J. PathoL 143. 628), 
Ribozyme cleavage of stromelysin encoding mRNAs in these systems may 
prevent inflammatory cell function and alleviate disease symptoms. 

10 Other ribozymes of this invention block to some extent B7-1, B7-2, B7-3 

and/or C040 production and can be used to treat disease or diagnose such 
disease. Ribozymes will be delivered to cells in culture, to cells or tissues in 
animal models of transplantation, autoimmune diseases and/or allergies and 
to human cells or tissues ex vivo or in vivo. Ribozyme cleavage of 87-1, 87-2 

15 and/or CD40 encoded mRNAs in these systems may alleviate disease 
symptoms. 

Target sitQS 

Targets for useful ribozymes can be determined as disclosed in Draper et 
al supra. Sullivan et al., suora . as well as by Draper et al.. WO 95/13380 and 

20 Stinchcomb et al WO 95/23225. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 
methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested in 
vitro and in vivo, as also described. Such ribozymes can also be optimized 

25 and delivered as described therein. While specific examples to mouse, rabbit 
and other animal RNA are provided, those in the art will recognize that the 
equivalent human RNA targets described can be used as described below. 

Thus, the same target may be used, but binding arms suitable for targeting 

human RNA sequences are present in the ribozyme. Such targets may also 
30 be selected as described below. 
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The sequence of human and rabbit stromelysin mRNA were screened for 
accessible sites using a computer folding algorithm. Potential hammerhead or 
hairpin ribozyme cleavage sites were identified These sites are shown in 
Tables All. AIII, AlV. AVI. AVIII and AIX (All sequences are 5' to 3' in the 
5 tables.). While rabbit and human sequences can be screened and ribozymes 
thereafter designed, the human targeted sequences are of most utility. 
However, rabbit targeted ribozymes are useful to test efficacy of action of the 
ribozyme prior to testing in humans. The nucleotide base position is noted in 
the Tables as that site to be cleaved by the designated type of ribozyme. 

10 Similariy. the sequence of human and mouse B7-1, B7-2, B7-3 and/or 

CD40 mRNAs were screened for optimal ribozyme target sites using a 
computer folding algorithm. Hammertiead or hairpin ribozyme cleavage sites 
were identified. These sites are shown in Tables Bll, BIV, BVI. BVIII, BX. BXII 
BXIV. BXV, BXVi. BXVII. BXVIII and BXIX (All sequences are 5' to 3' in the 

15 tables) The nucleotide base position is noted in the Tables as that site to be 
cleaved by the designated type of ribozyme. While mouse and human 
sequences can be screened and ribozymes thereafter designed, the human 
targeted sequences are of most utility. However, mouse targeted ribozymes 
may be useful to test efficacy of action of the ribozyme prior to testing in 

20 humans. The nucleotide base position is noted in the Tables as that site to be 
cleaved by the designated type of ribozyme. 

Hammertiead or haiipin ribozymes are designed that could bind and are 
individually analyzed by computer folding (Jaeger et al.. 1989 Proc. Natl 
Ac9d. Sci . USA . 86, 7706-7710) to assess whether the ribozyme sequences 
fold into the appropriate secondary structure. Those ribozymes with 
unfavorable intramolecular interactions between the binding amis and the 
catalytic core are eliminated from consideration. Varying binding ami lengths 
can be chosen to optimize activity. Generally, at least 5 bases on each ami 
are able to bind to. or othenvise interact wrfth. the target RNA. 



25 



30 



Referring to Figure 6. mRNA is screened for accessible cleavage sites by 
the method described generally in Draper WO 93/23569. Briefly, DNA 
oligonucleotides representing potential hammerhead or hairpin ribozyme 
cleavage sites are synthesized. A polymerase chain reaction is used to 
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generate a substrate for T7 RNA polymerase transcription from human or 
rabbit stromelysin cONA clones. Labeled RNA transcripts are synthesized in 
vitro from the two templates. The oligonucleotides and the labeled transcripts 
are annealed, RNaseH is added and the mixtures are incubated for the 
5 designated times at ST'C. Reactions are stopped arid RNIA separated on 
sequencing polyacrylamide gels. The percentage of the substrate cleaved is 
determined by autoradiographic quantitation using a Phosphorlmaging 
system. From these data, hammerhead ribozyme sites are chosen as the most 
accessible. 

10 Ribozymes of the hammertiead or hairpin motif are designed to anneal to 

various sites in the mRNA message. The binding arms are complementary to 
the target site sequences described above. The ribozymes are chemically 
synthesized. The method of synthesis used follows the procedure for nonnal 
RNA synthesis as described in Usman et al.. 1987 J. Am. Chem. Soc. 109, 

15 7845-7854 and in Scaringe et al., 1990 Nucleic Acids Res,. 18, 5433-5441; 
Wincott et al., 1995 Nucleic Acids Res. 23. 2677. and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 5'- 
end. and phosphoramidites at the 3'-end. The average stepv*i<^e coupling 
yields were >98%. Inactive ribozymes were synthesized by substituting a U 

20 for Gs and a U for Au (numbering from Hertel et al., 1992 Nucleic Acids Res. . 
20, 3252) . Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the ;^ctive ribozyme (Chowrira and Buri<e. 1992 Nucleic Acids 
SfiSx. 20, 2835-2840). All ribozymes are modified extensively to enhance 
stability by modification with nuclease resistant groups, for example, 2 -amino, 

25 2'-C-allyl, 2'-fIouro, 2'-Omethyl, 2 -H (for a review see Usman and Cedergren. 
1992 TIBS 17, 34 and Befgelman et al,, 1995 J. Biol. Chem. 270. 25702). 
Ribozymes are purified by gel electrophoresis using general methods or are 
purified by high pressure liquid chromatography (HPLC; See Stinchcomb et 
al. suora) and are resuspended in water. 

30 The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables AV, AVII. AVIII and AIX and in Tables Bill. BV, BVI. 
BVII. BIX. BXI. BXIII. BXIV. BXV, BXVI, BXVII, BXVIII and BXIX. Those in the art 
will recognize that these sequences are representative only of many more 
such sequences where the enzymatic portion of the ribozyme (all but the 
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binding arms) is altered to affect activity. For example, stem loop II sequence 
of hammerhead ribozymes listed in Tables AV and AVIl (5'- 
GGCCGAAAGGCC-3') can be altered (substitution, deletion and/or insertion) 
to contain any sequence provided, a minimum of two base-paired stem 
5 structure can fomi. Similarly, stem-loop AlV sequence of hairpin ribozymes 
listed in Tables AVI and AVIl (5'-CACGUUGUG-3') can be altered 
(substitution, deletion and/or insertion) to contain any sequence provided, a 
minimum of two base-paired stem structure can form. The sequences listed in 
Tables AV. AVIl, AVIII and AIX may be formed of ribonucleotides or other 
10 nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

Optimizing Ribozyma Activity 

Ribozyme activity can be optimized as described by Stinchcomb et aL, 
gMpra. The details will not be repeated here, but include altering the length of 

15 the ribozyme binding amis (stems I and III, see Figure 2c). or chemically 
synthesizing ribozymes with modifications that prevent their degradation by 
serum ribonucleases (see e.g., Eckstein et aL, Intemational Publication No. 
WO 92/07065; Perrault ef a/., 1990 Nature 344. 565; Pieken et al.. 1991 
Spjgncg 253, 314; Usman and Cedergren, 1992 Trends in Biochem. Sci. 17. 

20 334; Usman et aL. International Publication No. WO 93/15187; and Rossi et 
ai., Intemational Publication No. WO 91/03162. as well as Stinchcomb et aL, 
SMUm, Sproat. European Patent Application 92110298.4 and U.S. Patent 
5,334,711; Jennings et al., WO 94/13688 and Beigelman et aL, supra which 
describe various chemical modifications that can be made to the sugar 

25 moieties of enzymatic RNA molecules). Modifications which enhance their 
efficacy in cells, and removal of stem 11 bases to shorten RNA synthesis times 
and reduce chemical requirements. 

Sullivan, et al., siU2£&, describes the general methods for delivery of 
enzymatic RNA molecules. Ribozymes may be administered to cells by a 
30 variety of methods known to those familiar to the art. including, but not 
restricted to, encapsulation in liposomes, by iontophoresis, or by 
incorporation into other vehicles, such as hydrogels. cyclodextrins, 
biodegradable nanocapsules. and bioadhesive microspheres. For some 
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indications, ribozymes may be directly delivered ex vivo to cells or tissues with 
or without the aforementioned vehicles. Alternatively, the RNA/vehicle 
combination is locally delivered by direct inhalation, by direct injection or by 
use of a catheter, infusion pump or stent. Other routes of delivery include, but 
5 are not limited to, intravascular, intramuscular, subcutaneous or joint injection, 
aerosol inhalation, oral (tablet or pill form), topical, systemic, ocular, 
intraperitoneal and/or intrathecal delivery. More detailed descriptions of 
ribozyme delivery and administration are provided in Sullivan et al., supra 
and Draper et aL, supra which have been incorporated by reference herein. 

10 In another preferred embodiment, the ribozyme is administered to the site 

of B7-1. B7-2, B7-3 and/or CD40 expression (APC) in an appropriate 
liposomal vesicle. APCs isolated from donor (for example) are treated with the 
ribozyme preparation (or other nucleic acid therapeutics) ex vivo and the 
treated cells are infused into recipient. Alternatively, cells, tissues or organs 

15 are directly treated with nucleic acids of the present invention prior to 
transplantation into a recipient. 

Another means of accumulating high concentrations of a ribozyme(s; 
within cells is to incorporate the ribozyme-encoding sequences Into a DNA 
expression vector. Transcription of the ribozyme sequences are driven from a 

20 promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II (pol II). or 
RNA polymerase III (pol III). Transcripts from pol II or pol III promoters will be 
expressed at high levels in all cells; the levels of a given pol II promoter in a 
given cell type will depend on the nature of the gene regulatory sequences 
(enhancers, silencers, etc.) present nearby, Prokaryotic RNA polymerase 

25 promoters are also used, providing that the prokaryotic RNA polymerase 
enzyriie is expressed in the appropriate cells (Elroy-Stein and Moss. 1990 
Proc. NatL Acad. Sci. USA . 87, 6743-7; Gao and Huang 1993 Nucleic Acids 
BfiS.. 21,2867-72; Lieber et al., 1993 Methods Enzvmol .. 217.47-66; Zhou et 
al.. 1990 Mol. Cell. BioL. 10. 4529-37). Several investigators have 

30 demonstrated that ribozymes expressed from such promoters can function in 
mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense Res. Dev. . 2, 3- 
15; Ojwang et ah. 1992 Proc. Natl. Acad. Sci. USA. 89 10802-6; Chen et 
al., 1992 Nucleic Acids Res. . 20. 4581-9; Yu et aL. 1993 Proc. Natl. Acad. Sci. 
USA, 90, 6340-4; L'Huillier et al., 1992 EMBO J. 1 1. 4411-8; Lisziewicz et 
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^- ISSS Prog. Natl. Aw^<j. Sci, U. S. A,. 90. 8000-4; Thompson et al., sms). 
The above ribozyme transcription units can be incorporated into a variety of 
vectors for introduction into mammalian cells, including but not restricted to. 
plasmid DNA vectors, viral DNA vectors (such as adenovirus or adeno* 
5 associated vectors), or viral RNA vectors (such as retroviral or alphavirus 
vectors). 

In a preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves stromelysin RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA virus or adeno-associated virus (AAV) 

10 vector. Both viral vectors have been used to transfer genes to the lung and 
both vectors lead to transient gene expression (Zabner et al.. 1993 Qgti 75. 
207; Carter. 1992 Curr. Qoi. BintBrh. 3. 533). The adenovirus vector is 
delivered as recombinant adenoviral particles. The DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The 

^ 5 recombinant adenovims or AAV particles are locally administered to the site of 
treatment, through incubation or inhalation in vivo or by direct application 
to ceils or tissues ex vivo. 

Specifically useful modifications, optimization and synthetic methods will 
now be described. 

20 Base Modifications 

The following discussion of relevant art is dependent on the diagram 
shown in Figure 1, in which the numbering of various nucleotides in a 
hammerhead ribozyme is provided. 

Odal et al.. FEBS 1990. 2571150. state that substitution of guanosine (G) 
25 at position 5 of a hammerhead ribozyme for inosine greatly reduces catalytic 
activity, suggesting 'the importance of the 2-amino group of this guanosine for 
catalytic activity.' 

Fu and McLaughlin, Proc. Natl. Acad. Sci. (USA) 1992. 89:3985. state 
that deletion of the 2-amino group of the guanosine at position 5 of a 
30 hammertiead ribozyme. or deletion of either of the 2'-hydroxyl groups at 
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position 5 or 8, resulted in ribozymes having a decrease in cleavage 
efficiency. 

Fu and McLaughlin. Biochemistry ^992. 31:10941. state that substitution 
of 7-deazaadenosine for adenosine residues in a hammerhead ribozyme can 
5 cause reduction in cleavage efficiency. They state that the "results suggest 
that the N^-nitrogen of the adenosine (A) at position 6 in the hammeriiead 
ribozyme/substrate complex is critical for efficient cleavage activity." They go 
on to indicate that there are five critical functional groups located within the 
tetrameric sequence GAUG in the hammerhead ribozyme- 

10 Slim and Gait. 1992. BBRC 183. 605. state that the substitution of 

guanosine at position 12. in the core of a hammerhead ribozyme. with inosine 
inactivates the ribozyme. 

TuschI et at., 1993 Biochemistry 32. 11658. state that substitution of 
guanosine residues at positions 5. 8 and 12, in the catalytic core of a 
15 hammerhead, with inosine. 2-aminopurine. xanthosine. isoguanosine or 
deoxyguanosine cause significant reduction in the catalytic efficiency of a 
hammerhead ribozyme. 

Fu ef a/., 1993 Biochemistry 32, 10629. state that deletion of guanine N^, 
guanine n2 or the adenine N^-nitrogen within the core of a hammerhead 
20 ribozyme causes significant reduction in the catalytic efficiency of a 
hammerhead ribozyme. 

Grasby et at., 1993 Nucleic Adds Res. 21, 4444. stale that substitution of 
guanosine at positions 5, 8 and 12 positions within the core of a hammerhead 
ribozyme with O^-methyiguanosine results in an approximately 75-fold 
25 reduction in kcat* 

Seela ef a/., 1993 Helvetica Chimica Acta 76, 1809, state that substitution 
of adenine at positions 13. 14 and 15, within the core of a hammerhead 
ribozyme, with 7-deazaadenosine does not significantly decrease .the catalytic 
efficiency of a hammeriiead ribozyme. 
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Adams etaL, 1994 Tetrahedron Letters 35, 765, state that substitution of 
uracil at position 17 within the hammerhead ribozyme«substrate complex with 
4-thiouridine results in a reduction in the catalytic efficiency of the ribozyme by 
50 percent. 

5 Ng et aL, 1994 Biochemistry 33, 121 19, state that substitution of adenine 

at positions 6, 9 and 13 within the catalytic core of a hammerhead ribozyme 
with isoguanosine. significantly decreases the catalytic activity of the 
ribozyme. 

Jennings et a!., U.S. Patent 5.298.612, indicate that nucleotides within a 
10 "minizyme" can be modified. Theystate- 

'Nucleotides comprise a base, sugar and a 
monophosphate group. Accordingly, nucleotide 
derivatives or modifications may be made at the 
level of the base, sugar or monophosphate 

1 5 groupings Bases may be substituted with various 

groups, such as halogen, hydroxy, amine, alkyl. 
azido, nitro, phenyl and the like." 

W093/23569, WO95/06731. WO95/04818. and W095/133178 describe 
20 various modifications that can be introduced into ribozyme structures. 

This invention relates to production of enzymatic RNA molecules or 
ribozymes having enhanced or reduced binding affinity and enhanced 
enzymatic activity for their target nucleic acid substrate by inclusion of one or 
more modified nucleotides in the substrate binding portion of a ribozyme such 
25 as a hammerhead, hairpin. VS ribozyme or hepatitis delta virus derived 
ribozyme. Applicant has recognized that only small changes in the extent of 
base-pairing or hydrogen bonding between the ribozyme and substrate can 
have significant effect on the enzymatic activity of the ribozyme on that 
substrate. Thus, applicant has recognized that a subtle alteration in the extent 

30 of hydrogen bonding along a substrate binding arm of a ribozyme can be used 
to improve the ribozyme activity compared to an unaltered ribozyme 
containing no such altered nucleotide. Thus, for example, a guanosine base 
may be replaced with an inosine to produce a weaker interaction between a 
ribozyme and its substrate, or a uracil may be replaced with a bromouracil 

35 (BrU) to increase the hydrogen bonding interaction with an adenosine. Other 
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examples of alterations of the four standard ribonucleotide bases are shown in 
Figures 22a-d with weaker or stronger hydrogen bonding abilities shown in 
each figure. 

In addition, applicant has determined that base modification within some 
5 catalytic core nucleotides maintains or enhances enzymatic activity compared 
to an unmodified molecule. Such nucleotides are noted in Figure 23. 
Specifically, referring to Figure 23, the preferred sequence ot a hammerhead 
ribozyme in a 5' to 3* direction of the catalytic core is CUG ANG A G*C GAA A. 
wherein N can be any base or may lack a base (abasic); G*C is a base-pair. 
10 The nature of the base-paired stem II (Figures 1 . 2 and 23) and the recognition 
arms of stems I and III are variable. In this invention, the use of base-modified 
nucleotides in those regions that maintain or enhance the catalytic activity 
and/or the nuclease resistance of the hammerhead ribozyme are described. 
(Bases which can be modified include those shown in capital letters). 

15 Examples of base-substitutions useful in this invention are shown in 

Figure 22. 24-30, 39-43, 45-46. In preferred embodiments cytidine residues 
are substituted with 5-alkylcytidines (e.g., 5-methylcytidine, Figure 24, R=CH3, 
9), and uridine residues with 5-alkyluridines {e.g., ribothymidine (Figure 24. 
R=CH3, 4) or 5-halouridine (e.g., 5-bromouridine, Figure 24, X=Br. 13) or 

20 6-azapyrimidines (Figure 24, 17) or 6-alkyluridine (Figure 30). Guanosine or 
adenosine residues may be replaced by diaminopurine residues (Figure 24, 
22) In either the core or stems. In those bases where none of the functional 
groups are important in the complexing of magnesium or other functions of a 
ribozyme, they are optionally replaced with a purine ribonucleoside (Figure 

25 24, 23), which significantly reduces the complexity of chemical synthesis of 
ribozymes, as no base-protecting group is required during chemical 
incorporation of the purine nucleus. Furthermore, as discussed above, 
base-modified nucleotides may be used to enhance the specificity or strength 
of binding of the recognition arms with similar modifications. Base-modified 

30 nucleotides, in general, may also be used to enhance the nuclease resistance 
of the catalytic nucleic acids in which they are incorporated. These 
modifications within the hammerhead ribozyme motif are meant to be non- 
limiting example. Those skilled in the art will recognize that other ribozyme 
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motifs with similar modifications can be readily synthesized and are within the 
scope of this invention. 

Substitutions of sugar moieties as described in the art cited above, may 
also be made to enhance catalytic activity and/or nuclease stability. 

5 The invention provides ribozymes having increased enzymatic activity jn 

yiliQ and in vtvQ as can be measured by standard kinetic assays. Thus, the 
kinetic features of the ribozyme are enhanced by selection of appropriate 
modified bases in the substrate binding arms. Applicant recognizes that while 
strong binding to a substrate by a ribozyme enhances specificity, it may also 

10 prevent separation of the ribozyme from the cleaved substrate. Thus, 
applicant provides means by which optimization of the base pairing can be 
achieved. Specifically, the invention features ribozymes with modified bases 
with enzymatic activity at least 1.5 fold (preferably 2 or 3 fold) or greater than 
the unmodified corresponding ribozyme. The invention also features a 

15 method for optimizing the kinetic activity of a ribozyme by introduction of 
modified bases into a ribozyme and screening for those with higher enzymatic 
activity. Such selection may be in vitro or in vivo . By enhanced activity is 
meant to include activity measured in vivo where the activity is a reflection of 
both catalytic activity and ribozyme stability. In this invention, the product of 

20 these properties in increased or not significantly (less that 10 fold) decreased 
in vivo compared to an all RNA ribozyme. 

By "enzymatic portion" is meant that part of the ribozyme essential for 
cleavage of an RNA substrate. 

By "substrate binding arm" is meant that portion of a ribozyme which is 
25 complementary to {i.e., able to base-pair with) a portion of its substrate. 
Generally, such complementarity is 100%. but can be less if desired. For 
example, as few as 10 bases out of 14 may be base-paired. Such arms are 
shown generally in Figures 1-3 as discussed below. That is. these amis 
contain sequences within a ribozyme which are intended to bring ribozyme 
30 and target RNA together through complementary base-pairing interactions; 
e.g.. ribozyme sequences within stems I and III of a standard hammerhead 
ribozyme make up the substrate-binding domain (see Figure 1). 
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By "unmodified nucleotide base" is meant one of the bases adenine, 
cytosine. guanosine, uracil joined to the V carbon of 0-D-ribo-furanose. The 
sugar also has a phosphate bound to the 5' carbon. These nucleotides are 
bound by a phosphodiester between the 3' carbon of one nucleotide and the 
5 5' carbon of the next nucleotide to fomfi RNA. 

By "modified nucleotide base" is meant any nucleotide base which 
contains a modification in the chemical structure of an unmodified nucleotide 
base which has an effect on the ability of that base to hydrogen bond with its 
nonmal complementary base, either by increasing the strength of the hydrogen 
10 bonding or by decreasing it (e.g., as exemplified above for inosine and 
bromouracil). Other examples of modified bases include those shown in 
Figures 22a-d and other modifications well known in the art, including 
heterocyclic derivatives and the like. 

In preferred embodiments the modified ribozyme is a hammerhead, 
15 hairpin VS ribozyme or hepatitis delta virus derived ribozyme, and the 
hammerhead ribozyme includes between 32 and 40 nucleotide bases. The 
selection of modified bases is most preferably chosen to enhance the 
enzymatic activity (as observed in standard kinetic assays designed to 
measure the kinetics of cleavage) of the selected ribozyme. /.a. to enhance 
20 the rate or extent of cleavage of a substrate by the ribozyme. compared to a 
ribozyme having an identical nucleotide base sequence without any modified 
base. 

By "kinetic assays" or "kinetics of cleavage" is meant an experiment in 
which the rate of cleavage of target RNA is determined. Often a series of 
25 assays are perfomied in which the concentrations of either ribozyme or 
substrate are varied from one assay to the next in order to determine the 
influence of that parameter on the rate of cleavage. 

By "rate of cleavage' Is meant a measure of the amount of target RNA 
cleaved as a function of time. 

30 Enzymatic nucleic acid having a hammerhead configuration and 

modified bases which maintain or enhance enzymatic activity are provided. 
Such nucleic acid is also generally more resistant to nucleases than 
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unmodified nucleic acid. By "modified bases" in this aspect is meant those 
shown in Figure 22 A-D. and 24, 30. and 42B or their equivalents; such bases 
may be used within the catalytic core of the enzyme as well as in the 
substrate-binding regions. In particular, the invention features modified 
5 ribozymes having a base substitution selected from pyrldin-4-one, pyridin-2- 
one. phenyl, pseudouracil. 2. 4. 6-trimethoxy benzene. 3-methyluracil. 
dihydrouracil. naphthyl. 6-methyl-uracil and aminophenyl. As noted above, 
substitution in the core may decrease in vitro activity but enhances stability! 
Thus, invjvffi the activity may not be significantly lowered. As exemplified 
10 herein such ribozymes are useful in vivo even if active over all is reduced 10 
fold. Such ribozymes herein are said to "maintain" the enzymatic activity on all 
RNA ribozyme. 

Small scale synthesis were conducted on a 394 Applied Biosystems. Inc. 
synthesizer using a modified 2.5 ^mol scale protocol with a 5 min coupling step for 
alkylsilyl protected nucleotides and 2.5 min coupling step for 2'-0-methylated 
nucleotides. Table CM outlines the amounts, and the contact times, of the reagents 
used in the synthesis cycle. A 6.5-fold excess (163 nL of 0.1 M = 16.3 nmol) of 
phosphoramidite and a 24-fold excess of S-ethyl tetrazole (238 jiL of 0.25 IVI = 
59.5 ^mol) relative to polymer-bound 5'-hydroxyl was used in each coupling cycle. 
20 Average coupling yields on the 394 Applied Biosystems. Inc. synthesizer, 
detemiined by colorimetric quantitation of the trityl fractions, were 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394 Applied Biosystems, Inc. 
synthesizer: detritylation solution was 2% TCA in methylene chloride (ABI); 
capping was perfomied with 16% /V-methyl imidazole in THF (ABI) and 10% acetic 
25 anhydride/10% 2.6-lutidine in THF (ABI); oxidation solution was 16.9 mM I2. 49 
mM pyridine, 9% water in THF (Millipore). 8 & J Synthesis Grade acetonitrile was 
used directly from the reagent bottle. S-Ethyl tetrazole solution (0.25 M in 
acetonitrile) was made up from the solid obtained from American International 
Chemical, Inc. 
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Deprotection of the RNA was perfomned as follows. The polymer-bound 
oligoribonucleotide. trityl-off. was transferred from the synthesis column to a 4mL 
glass screw top vial and suspended in a solution of methylamine (MA) at 65 "C for 
10 min. After cooling to -20 'C. the supernatant was removed from the polymer 
support. The support was washed three times with 1.0 mL of 
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ElOH:MeCN:H20/3:1:1, vortexed and the supernatant was then added to the first 
supernatant. The combined supematants, containing the oligoribonucleotide. 
were dried to a white powder. 

The base-deprotected oligoribonucleotide was resuspended in anhydrous 
5 TEA«HF/NMP solution (250 jiL of a solution of 1.5mL A/-methyfpyrrolidinone. 750 
jiL TEA and 1.0 mL TEA»3HF to provide a 1.4M HF concentration) and heated to 
65^C for 1.5 h. The resulting, fully deprotected. oligomer was quenched with 50 
mM TEAB (9 mL) prior to anion exchange desalting. 

For anion exchange desalting of the deprotected oligomer, the TEAB solution 
10 was loaded onto a Qiagen 500® anion exchange cartridge (Qiagen Inc.) that was 
prewashed with 50 mM TEAB (10 mL). After washing the loaded cartridge with 50 
mM TEAB (10 mL), the RNA was eluted with 2 M TEAB (.10 mL) and dried down to 
a white powder. 

Inactive hammerhead ribozymes were synthesized by substituting a U for G5 
15 and a U for A14 (numbering from (Hertel, K. J., et aL, 1992. Nucleic Acids Res. . 20. 
::^D2)). 

The average stepwise coupling yields were >98% (Wincott et aL, 1995 
Nucleic Acids Res. 23, 2677-2684). 

Hairpin ribozymes are synthesized either as one part or in two parts and 
20 annealed to reconstruct the active ribozyme (Chowrira and Buri<e. 1992 Nucleic 
Acids Res., 20. 2835-2840). 

Ribozymes are purified by gel electrophoresis using general methods or are 
purified by high pressure liquid chromatography (HPLC; See Stinchcomb et aL. 
International PCT Publication No. WO 95/23225. and are resuspended in water. 

25 Various modifications to ribozyme stmcture can be made to enhance the 

utility of ribozymes. Such modifications will enhance shelf-life, half-life In vitro , 
stability, and ease of introduction of such ribozymes to the target site. e.g. . to 
enhance penetration of cellular membranes, and confer the ability to recognize 
and bind to targeted cells. 
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Examples of such ribozymes are provided in Usman et al.. WO 95/13378 
and below. 

Eckstein et al.. International Publication No. WO 92/07065; Perrault et 
5 al.. 1990 Usam 344. 565; Pieken et al;. 1991 Ssiaoce 253. 314;' Usman and 
Cedergren. 1992 Tren<l$ in Biochom Sri 17. 334; Usman et al.. International 
Publication No. WO 93/15187; and Rossi et al.. International- Publication No 
WO 91/03162. as well as Stinchcomb et al.. sma, Sproat. European Patent 
Applteation 92110298.4 and U.S. Patent 5.334.711; Jennings et al WO 
10 94/13688 and Beigelman et ai.mUM. which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. Usman et al. also describe various required ribonucleotides in a 
ribozyme, and methods by which such nucleotides can be defined. De 
Mesmaeker et al. Syn. Lett. 1993. 677-680 (not admitted to be prior art to the 
present invention) describes the synthesis of certain 2'.C-alkyl uridine and 
thymidine derivatives. They conclude that "...their use in an antisense 
approach seems to be very limited." 

This invention relates to the use of 2'-deoxy.2'-alkylnucleotides in 
oligonucleotides, which are particulariy useful for enzymatic cleavage of RNA 
or single-stranded DNA. and also as antisense oligonucleotides. As the temi 
is used in this application. 2'-deoxy-2'-alkylnucleotide-containing enzymatic 
nucleic acids are catalytic nucleic acid molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to cleave 
(preferably, repeatedly cleave) separate RNA or DNA molecules in a 
nucleotide base sequence specific manner. Such catalylic nucleic acids can 
also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are 2'-deoxy-2'-alkylnucleotides which may be 
present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Contrary to the findings of De Mesmaeker et al. applicant has found that such 
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nucleotides are useful since they enhance the stability of the antisense or 
enzymatic molecule, and can be used in locations which do not affect the 
desired activity of the molecule. That is, while the presence of the 2 -alkyi 
group may reduce binding affinity of the oligonucleotide containing this 
5 modification, if that moiety is not in an essential base pair forming region then 
the enhanced stability that it provides to the molecule is advantageous. In 
addition, while the reduced binding may reduce enzymatic activity, the 
enhanced stability may make the loss of activity of less consequence. Thus, 
for example, if a 2-deoxy-2'-alkyl-containing molecule has 10% the activity of 

10 the unmodified molecule, but has 10«fold higher stability in vivo then it has 
utility in the present invention. The same analysis is true for antisense 
oligonucleotides containing such modifications. The invention also relates to 
novel intermediates useful in the synthesis of such nucleotides and 
oligonucleotides (examples of which are shown in the Figures 48-54), and to 

1 5 methods for their synthesis. 

Thus, the invention features 2'-deoxy-2*-aIkylnucleotides, that is a 
nucleoV:;lp base having at the 2*-position on the sugar molecule an alkyi 
moietf and in preferred embodiments features those where the nucleotide is 
not uridine or thymidine. That is, the invention preferably includes all those 
20 nucleotides useful for making enzymatic nucleic acids or antisense molecules 
that are not described by the art discussed above. 

Examples of various aikyi groups useful in this invention are shown in 
Figure 48, where each R group is any alkyl. These examples are not lirfiiting 
in the invention. Specifically, an "alkyl" group refers to a saturated aliphatic 

25 hydrocarbon, including straight-chain, branched-chain, and cyclic alkyl 
groups. Preferably, the alkyl group has 1 to 12 cartoons. More preferably it is 
a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The alkyl 
group may be substituted or unsubstituted. When substituted the substituted 
group(5) is preferably, hydroxyl. cyano, alkoxy, =0, =S. NO2 or N(CH3)2, 

30 amino, or SH. The term also includes alkenyl groups which are unsaturated 
hydrocarbon groups containing at least one carbon-carbon double bond, 
including straight-chain, branched-chain, and cyclic groups. Preferably, the 
alkenyl group has 1 to 12 carbons. More preferably it is a lower alkenyl of 
from 1 to 7 carbons, more preferably 1 to 4 carbons. The alkenyl group may 
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be substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0. =S. NO2. halogen, N(CH3)2, amino, or 
SH. The temn "alkyr also includes alkynyl groups which have an unsaturated 
hydrocarbon group containing at least one carbon-carbon triple bond. 
5 including straight-chain, branched-chain, and cyclic groups. Preferably, the 
alkynyl group has 1 to 12 carbons. More preferably it is a lower alkynyl of from 
1 to 7 carbons, more preferably 1 to 4 carbons. The alkynyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl. cyano. alkoxy. -O. =S, NO2 or N(CH3)2. amino or SH. 
10 The term "alkyl" does not include alkoxy groups which have an "-O-alkyl" 
group, where "alkyl" is defined as described above, where the O is adjacent 
the 2'-position of the sugar molecule. 

Such alky! groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 

1 5 aromatic group which has at least one ring having a conjugated pi electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, all of 
which may be optionally substituted. The preferred substituent{s) of aryl 
groups arc. ...alogen. trihalomethyl, hydroxyl. SH, OH, cyano, alkoxy, alkyi, 
alkenyi. alkynyl, and amino groups. An "alkylaryl" group refers to an alkyI 

20 group (as described above) covalently joined to an aryl group (as described 
above, Carbocyclic aryl groups are groups wherein the ring atoms on the 
aromatic ring are all carbon atoms. The carbon atoms are optionally 
substituted. Heterocyclic aryl groups are groups having from 1 to 3 
heteroatoms as ring atoms in the aromatic ring and the remainder of the ring 

25 atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, and 
nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl. N-lower alkyI pyrrole, 
pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally substituted. An 
"amide" refers to an -C(0)-NH-R, where R is either alkyI, aryl, alkylaryl or 
hydrogen. An "ester" refers to an -C(0)-OR\ where R is either alky I. aryl. 

30 alkylaryl or hydrogen. 

In other aspects, also related to those discussed above, the invention . 
features oligonucleotkjes having one or more 2*-deoxy-2*-alkylnucleotides 
(preferably not a 2 -alkyI- uridine or thymidine); e.g. enzymatic nucleic acids 
having a 2'-deoxy*2'-alkylnucleotide: and a method for producing an 
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enzymatic nucleic acid molecule having enhanced activity to cleavd an RNA 
or single-stranded DNA molecule, by forming the enzymatic molecule with at 
least one nucleotide having at Its 2'-position an alkyi group. In other related 
aspects, the invention features 2'-deoxy-2'-allcylnucleotlde triphosphates. 
5 These triphosphates can be used In standard protocols to form useful 
oligonucleotides of this invention. 

The 2'-alkyl derivatives of this invention provide enhanced stability to the 
oligonulceotides containing them. While they may also reduce absolute 
activity in an in vitro assay they will provide enhanced overall activity in vivo. 
10 Below are provided assays to detemiine which such molecules are useful. 
Those in the art will recognize that equivalent assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
enzymatic activity having ribonucleotides at locations shown in Figure 47 at 5, 
6. 8, 12. and 15.1, and having substituted ribonucleotides at other positions in 

1 5 the core and in the substrate binding arms if desired. (The term "core" refers to 
positions between bases 3 and 14 in Figure 47, and the binding arms 
correspond to th ^es from the 3-end to base 15.1, and from the 5'-end to 
base 2). Applicant has found that use of ribonucleotides at these five locations 
in the core provide a molecule having sufficient enzymatic activity even when 

20 modified nucleotides are present at other sites in the motif. Other such 
combinations of useful ribonucleotides can be determined as described by 
Usman et al. supra. 

2''0>alkvlthioalkvl and 2'^-alk ylthioalkvl cQntainino nucleic acids 

Medina et al.. 1988 Tetrahedron Letters 29, 3773, describe a method to 
25 convert alcohols to methylthiomethyl ethers. 

Matteucci et al., 1990 Tetrahedron Letters, 31, 2385, report the synthesis 
of 3'-5'-methylene bond via a methylthiomethyl precursor. 

Veeneman et al.. 1990 Red. Trav. Chim. Pays-Bas 109. 449. report the 
synthesis of 3*-0-methylthiomethyl deoxynucleoside during the synthesis of a 
30 dimer containing 3'-5'-methylene bond. 
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Jones et aL, 1993 J. Org. Chem. 58. 2983. report the use of 3'-0- 
methylthiomethyl deoxynucleoside to synthesize a dimer containing a 3'- 
thioformacetal intemucleoside linkages. The paper also describes a method 
to synthesize phosphoramidites for ONA synthesis. 

5 Zavgorodny et al., 1991 Tetrahedron Letters 32, 7593. describe a 

method to synthesize a nucleoside containing methylthiomethyl modification. 

This invention relates to the incorporation of 2'-0-allcylltHioalkyl and/or 2'- 
C-alkylthioaikyl nucleotides or non-nucleotides into nucleic acids, which are 
particularly useful for enzymatic cleavage of RNA or single-stranded DNA. and 
10 also as antisense oligonucleotides. 

As the term is used in this application, 2*-0-alkylthioalkyl and/or 2*-C- 
alkylthioalkyl nucleotide or non-nucleotide-containing enzymatic nucleic acids 
are catalytic nucleic molecules that contain 2'-0-alkylthioalkyl and/or 2'-C- 
alkylthioalkyl nucleotide or non-nucleotides components replacing one or 

15 more bases or regions including, but not limited to. those bases in double . 
stranded stems, single stranded "catalytic core" sequences, single-stranded 
loops or single-strandt -;. iscognition sequences. These molecules are able to 
cleave {preferably, repeatedly cleave) separate RNA or DNA molecules in a 
nucleotide base sequence specific manner. Such catalytic nucleic acids can 

20 also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the Invention are 2-O-alkylthioalkyl and/or 2'-C-alkylthioalkyl 
nucleotides or non-nucleotides which may be present in enzymatic nucleic 
acid or in antisense oligonucleotides or 2-5A antisense chimera. Such 
25 nucleotides or non-nucleotides are useful since they enhance the activity of 
the antisense or enzymatic molecule. The invention also relates to novel 
intermediates useful in the synthesis of such nucleotides or non-nucleotides 
and oligonucleotides (examples of which are shown in the Figures), and to 
methods for their synthesis. 

30 Thus, the invention features 2'-0-alkylthioalkyl nucleosides or non- 

nucleosides, that is a nucleoside or non-nucleosides having at the 2'-position 
on the sugar molecule a 2'-0-alkylthioalkyl moiety. In a related aspect, the 
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invention also features 2*-0-alkylthioalkyl nucleotides or non-nucleotides. 
That is, the invention preferably Includes those nucleotides or non-nucleotides 
having 2* substitutions as noted above useful for making enzymatic nucleic 
acids or antisense molecules that are not described by the art discussed 
5 above. 

The term non-nucleotide refers to any group or compound which can be 
incorporated into a nucleic acid chain in the place of one or.more nucleotide 
units, including either sugar and/or phosphate substitutions, and allows the 
remaining bases to exhibit their enzymatic activity. The group or compound is 
1 0 abasic in that it does not contain a commonly recognized nucleotide base, 
such as adenine, guanine, cytosine, uracil or thymine. It may have 
substitutions for a Z or 3' H or OH as described in the art. See Eckstein et al. 
and Usman et al., supra. 

The term nucleotide refers to the regular nucleotides (A, U, G. T and C) 
15 and modified nucleotides such as 6-methyl U, inosine. 5-methyl C and others. 
Specifically, the term •nucleotide* is used as recognized in the art to include 
natural bases, and modifie ses well known in the art. Such bases are 
generally located at the V posiiion of a sugar moiety. The term "non- 
nucleotide" as used herein to encompass sugar moieties lacking a base or 
20 having other chemical groups in place of a base at the V position. Such 
molecules generally include those having the general fonnula: 




o Ri 



Y 



wherein, RI represents 2*-0-alkylthioalkyl or 2'-C-alkylthioalkyl; X 
represents a base or H; Y represents a phosphorus-containing group; and R2 
25 represents H, DMT or a phosphoais-containing group (Rgure 55). 
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Phosphoms-containing group is generally a phosphate, thiophosphate, 
H-phosphonate, methyiphosphonate, phosphoramidite or other modified 
group known in the art. 

In a another aspect, the invention features 2 -C-alkylthioaikyI nucleosides 
5 or non-nucleosldes, that is a nucleotide or a non-nucleotide residue having at 
the 2'-positlon on the sugar molecule a 2'-C-alkylthioalkyl moiety. In a related 
aspect, the invention also features 2'-C-alkylthioalkyl nucleotides or non- 
nucleotldes. That is, the invention preferably includes all those 2* modified 
nucleotides or non-nucleotides useful for making enzymatic nucleic acids or 
10 antisense molecules as described above that are not described by the art 
discussed above. 

Specifically, an "alkyl" group is as defined above, except that the tenri 
includes 2*-Oaikyl moeities. 

In other aspects, also related to those discussed above, the invention 
1 5 features oligonucleotides having one or more 2'-0-alkylthioalky! and/or 2'-C- 
alkylthioalkyi nucleotides or non I'icleotides; e.g. enzymatic nucleic acids 
having a 2*-Omethylthiomethyl ai. /or 2'-C-alkylthioalkyl nucleotides or non- 
nucleotides ; and a method for producing an enzymatic nucleic acid molecule 
having enhanced activity to cleave an RNA or single-stranded DNA molecule, 
20 by fomiing the enzymatic molecule with at least one nucleotide or a non- 
nucleotide moiety having at its 2 -position an 2'-0-atkylthioalkyl and/or 2*-C- 
aikyithioalkyt group. 

In other related aspects, the invention features 2*-Oalkylthioalkyl and/or 
2*-C-alkylthioalkyl nucleotide triphosphates. These triphosphates can be 
25 used in standard protocols to fomi useful oligonucleotides of this invention. 

The 2*-0-alkylthloalkyl and/or 2'-C-alkylthioalkyl derivatives of this 
invention provide enhanced activity and stability to the oligonulceotides 
containing them. 

In yet another preferred embodiment, the invention features 
30 oligonucleotides having one or more 2'-0-alkylthioalkyl and/or 2'-C- 
alkylthioalkyl abasic (non-nucleotide) moeities. For example, enzymatic 
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nucleic acids having a 2'-0-aikylthioall<yl and/or 2'-C-alkylthioalky| abasic 
moeity; and a method for producing an enzymatic nucleic acid molecule 
having enhanced activity to cleave an RNA or single-stranded DNA molecule, 
by fomiing the enzymatic molecule with at least one position having at its 2'- 
position an 2'-0-allcylthloalkyl or 2'-C-alkylthioalkyl group. 

In related embodiments, the invention features enzymatic nucleic acids 
containing one or more 2*-0-alkylthloalkyl and/or 2'-C-alkylthioalkyl 
substitutions either In the enzymatic portion, substrate binding portion or both, 
as tong as the catalytic activity of the ribozyme is not significantly decreased. 

In yet another preferred embodiment, the invention features the use of 2'- 
O-alkylthioalkyl moieties as protecting groups for 2'-hydroxyl positions of 
ribofuranose during nucleic acid synthesis. 

While this Invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particulaiy useful for 
enzymatic RNA molecules. Thus, below is provided examples of such 
molecules. Those in the art will recogni that equivalent procedures can be 
used to make other molecules without such enzymatic activity. Specifically. 
Figure 1 shows base numbering of a hammerhead motif in which the 
numbering of various nucleotides in a hammertiead ribozyme is provided. 

Referring to Figure 1, the preferred sequence of a hammertiead ribozyme 
in a 5'- to 3*-dlrection of the catalytic core is CUGANGAG (base paired withj 
CGAAA. In this Invention, the use of 2'-0-alkylthioalkyl and/or 2'-C- 
alkylthioalkyl substituted nucleotides or non-nucleotides that maintain or 
enhance the catalytic activity and or nuclease resistance of the hammertiead 
ribozyme is described. Substitutions of any nucleotide with any of the 
modified nucleotides or non-nucleotides discussed above are possible. 
Usman et al., supra and Sproat et al.. supra as well as other publications 

indicate those bases that can be substituted in noted ribozyme motifs. Those 
in the art can thus detemiine those bases that may be substituted as described 
herein with beneficial retainment of enzymatic activity and stability. 
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Npn-nMcieptid?? 

Usman. et al., WO 93/15187 in discussing modified structures in 
ribozymes states: 

It should be understood that the linkages between 
5 the building units of the polymeric chain may be 

linkages capable of bridging the units together for 
either in vitrg or in vivo. For example the linkage 
may be a phosphorous containing linkage, e.g.. 
phosphodiester or phosphothioate, or may be' a 

•0 nitrogen containing linkage, e.g.. amide. It should 

further be understood that the chimeric polymer 
may contain non-nucleotlde spacer molecules 
along with its other nucleotide or analogue units. 
Examples of spacer molecules which may be used 

^5 are described in Nielsen et al. Science . 254:1497- 

1500 (1991). 

Jennings et al.. WO 94/13688 while discussing hammerhead ribozymes 
lacking the usual stem II base-paired region stale: 

One or more ribonucleotides and/or 
20 deoxyribonucleotides of the group (X)m, [stem II] 

may be replaced, for exampJ-^. with a linker 
selected from optlonaliy substituted 
polyphosphodiester (such as poiy(1-phospho-3- 
propanol)). optionally substituted alkyl. optionally 
25 substituted polyamide. optionally substituted glycol, 

and the like. Optional substituents are well known 
in the art, and include alkoxy (such as methoxy. 
ethoxy and propoxy). straight or branch chain lower 
alkyl such as Ci - G5 alkyl), amine, aminoalkyi 
30 (such as amino Ci - C5 alkyl). halogen (such as F. 

01 and Br) and the like. The nature of optional 
substituents is not of importance, as long as the 
resultant endonuclease is capable of substrate 
cleavage. 

35 Additionally, suitable linkers may comprise 

polycyclic molecules, such as those containing 
phenyl or cyclohexyl rings. The linker (L) may be a 
polyether such as polyphosphopropanediol, 
Polyathyleneglycol, a bifunctional polycyclic 

^0 molecule such as a bifunctional pentalene. indene. 

naphthalene, azulene, heptalene, biphenylene. 
asymindacene, sym-indacene, acenaphthylene, 
fluorene, phenalene, phenanthrene. anthracene, 
fluoranthene. acephenathrylene. aceanthrylene! 
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triphenylene, pyrene, chrysene, naphthacene, 
thianthrene, isobenzofuran, chromene, xanthene. 
phenoxathiin, indolizine, isoindole, S-H-indole, 
indole. 1-H-inda2ole. 4-H-quinoli2ine, isoquinoline., 
5 quinoline. phthalazine. naphthyridine. qumoxaline. 

quinazoline, cinnoline, pteridine. 4-aH-carbzole. 
carbazole. B-carboline, phenanthridine, acridine, 
perimtdine, phenanthroline, phenazine, 
phenolthiazine, phenoxazine. which polycyclic 
10 compound may be substituted or modified, or a 

combination of the polyethers and the polycyclic 
molecules. 

The polycyclic molecule may be substituted 
of polysubstituted with Ci -C5 alkyl. alkenyl. 

15 hydroxyalkyi, halogen of haloalkyi group or with O- 

A or CH2-O-A wherein A is H or has the fonmula 
CONR'R" wherein R' and R" are the same or 
different and are hydrogen or a substituted or 
unsubstituted Ci - Ce alkyl, aryl, cycloalkyl. or 

20 heterocyclic group; or A has the formula -M-NR'R" 

wherein R* and R" are the same or different and are 
hydrogen, or a C1-C5 alkyl. alkenyl, hydroxyalkyi. 
or haloalkyi group wherein the halo atom is 
fluorine, chlorine, bromine, or iodine at- m; and -M- 

25 is an organic moiety having 1 to 10 c ! on atoms 

and is a branched or straight chain alKyl, aryl, or 
cycloalkyl group. 

In one embodiment, the linker is 
tetraphosphopropanediol or 

30 pentaphosphopropanediol. In the case of 

polycyclic molecules there will be preferably 18 or 
more atoms bridging the nucleic acids. More 
preferably their will be from 30 to 50 atoms 
bridging, see for Example 5. In another 

35 embodiment the linker is a bifunctional carbazole or 

bifunctional carbazole linked to one or more 
polyphosphoropropanedioL 

Such compounds may also comprise 
suitable functional groups to allow coupling through 

40 reactive groups .on nucleotides." 



This invention concerns the use of nonwiucleotide molecules as spacer 
elements at the base of double-stranded nucleic acid (e.g., RNA or DNA) 
stems (duplex stems) or more preferably, in the single-stranded regions, 
45 catalytic core, loops, or recognition arms of enzymatic nucleic acids. Duplex 
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Stems are ubiquitous structural elements in enzymatic RNA molecules. To 
facilitate the synthesis of such stems, which are usually connected via single- 
stranded nucleotide chains, a base or base-pair mimetic may be used to 
reduce the nucleotide requirement in the synthesis of such molecules, and to 
5 confer nuclease resistance (since they are non-nucleic acid components). 
This also applies to both the catalytic core and recognition arms of a ribozyme. 
In particular abasic nucleotides (i.e., moieties lacking a nucleotide base, but 
having the sugar and phosphate portions) can be used to provide stability 
within a core of a ribozyme. at U4 or N7 of a hammerhead stojcture 
10 shown in Rgure 1. 

Thus, the invention features an enzymatic nucleic acid molecule having 
one or more non-nucleotide moieties, and having enzymatic activity to cleave 
an RNA or ONA molecule. 

Examples of such non-nucleotide mimetics are shown in Figure 58 and 
IS their incorporation into hammerhead ribozymes is shown in Figure 60. These 
non-nucleotide linkers may be either polyether, polyamine. polyamide, or 
polyhydrocarbon compounds. Specific examples includf iiiose described by 
Seela and Kaiser. Nucleic Acids Res. 1990. rft6353 and Nucleic Acids Res. 
1987. /5:3113; Cload and Schepartz, J. Am. Chem. Soc. 1991. 7 73:6324; 
20 Richardson and Schepartz. J. Am. Chem. Soc. 1991. 773:5109; Ma et al.. 
Nucleic Adds Res. 1993. 2r:2585 and Biochemistry 32:1751; Durand 
et al.. Nucleic Acids Res. 1990. 75:6353; McCurdy et al.. Nucleosides & 
Nucleotides 1991. 70:287: Jaschke et al.. Tetrahedron Lett. 1993. 34:301; 
Ono et al.. e/oc/jem/sf/y 1991. 30:9914; Arnold et al.. International Publicatiori 
25 No. WO 89/02439 entitled 'Non-nucleotide Linking Reagents for Nucleotide 
Probes'; and Ferentz and Verdine. J. Am. Chem. Soc. 1991. 7 73:4000. all 
hereby incorporated by reference herein. 

In preferred embodiments, the enzymatic nucleic acid includes one or 
more stretches of RNA, which provide the enzymatic activity of the molecule. 
30 linked to the non-nucleotide moiety. 

In preferred embodiments, the enzymatic nucleic acid includes one or 
more stretches of RNA. which provide the enzymatic activity of the molecule. 
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linked to the non-nucleotide moiety. The necessary ribonucleotide 
components are known in the art, sfifi. e.g., Usman. ssiEBLand Usman et al.. 
(MiiH Acid. Svm p. Genes 31:163. 1994. 

As the term is used in this application, non-nucleptide-contalning 
5 enzymatic nucleic acid means a nucleic acid molecule that contains at least 
one non-nucleotide component which replaces a portion of a ribozyme, e.g., 
but not limited to, a double-stranded stem, a single-stranded "catalytic core" 
sequence, a single-stranded loop or a single-stranded recognition sequence. 
These molecules are able to cleave (preferably, repeatedly cleave) separate 
1 0 RNA or DNA molecules in a nucleotide base sequence specific manner. Such 
molecules can also act to cleave intramolecularly if that is desired. Sucli 
enzymatic molecules can be targeted to virtually any RNA transcript. Such 
molecules also include nucleic acid molecules having a 3' or 5' non- 
nucleotide, useful as a capping group to prevent exonuclease digestion. 

1 5 Non-nucleotide mimetics useful in this invention are generally described 

above and in Usman et al. WO 95/06731 . Those in the art will recognize thai 
these mimetics can be incorporated into an enzymatic molecu! by standard 
techniques at any desired location. Suitable choices can be made by 
standard experiments to determine the best location, e.g.. by synthesis of the 

20 molecule and testing of its enzymatic activity. The optimum molecule will 
contain the known ribonucleotides needed for enzymatic activity, and will have 
non-nucleotides which change the structure of the molecule in the least way 
possible. What is desired is that several nucleotides can be substituted by 
one non-nucleotide to save synthetic steps in enzymatic molecule synthesis 

25 and to provide enhanced stability of the molecule compared to RNA or even 
DNA. 

Synthesis 

This invention relates to the synthesis, deprotection. and purification of 
enzymatic RNA or modified enzymatic RNA molecules in milligram to kilogram 
30 quantities with high biological activity. Such syntheses are generally detailed 
in Stinchcomb t al.. WO 95/23225. 
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This invention relates to the synthesis, deprotection, and purification of 
enzymatic RNA or modified enzymatic RNA molecules in milligram to kilogram 
quantities with high biological activity. 

Generally, RNA is synthesized and purified by methodologies based on: 
5 tetrazole to activate the RNA amidite, NH4OH to remove the exocyclic amino 
protecting groups, tetra-/^butylammonium fluoride (TBAF) to remove the Z'-OH 
alkylsilyl protecting groups, and gel purification and analysis of the 
deprotected RNA. In particular this applies to. but is not limited to, a certain 
class of RNA molecules, ribozymes. These may be formed either chemically 
10 or using enzymatic methods. Examples of the chemical synthesis, 
deprotection, purification and analysis procedures are provided by Usman et 
al., 1987 J. American Chem. Soc.. 109. 7845, Scaringe et at. Nucleic Acids 
Res. 1990. 18, 5433-5341, Perreault etal. Biochemistry ^99^. 30 4020-4025. 
and Slim and Gait Nucleic Acids Res. ^99^, /9. 1183-1188. Odalefa/. FEBS 
Lett. 1990. 267. 150-152 describes a reverse phase chromatographic 
purification of RNA fragments used to fomi a ribozyme. All the above noted 
references are all hereby incorporated by reference herein. 

The aforementioned chemical synthesis, deprotection. purification and 
analysis procedures are time consuming (10-15 m coupling times) and may 

20 also be affected by inefficient activation of the RNA amidites by tetrazole, time 
consuming (6-24 h) and incomplete deprotection of the exocyclic amino 
protecting groups by NH4OH. time consuming (6-24 h), incomplete and 
difficult to desalt TBAF-catalyzed removal of the alkylsilyl protecting groups, 
time consuming and low capacity purification of the RNA by gel 

25 electrophoresis, and low resolution analysis of the RNA by gel 
electrophoresis. 

Imazawa and Eckstein. 1979 J. Org. Chem.. 12. 2039. describe the 
synthesis of 2*-amino-2'-deoxyribofuranosyl purines. They state that- 



15 



30 



To protect the 2'-aniino functton. we selected the tritiuoroacetyl group which can 
easily be removed.' 
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Chemical linkage 

Jennings et a!., US Patent No. 5.298,612 describe the use of non- 
nucleotides to assemble a hammerhead ribozyme lacking a stem II portion. 

Draper et al., WO 93/23569 {PCT/US93/04020) describes synthesis of 
5 ribozymes in two parts in order to aid in the synthetic process (see, e.g. . p. 40). 

Usman et at., WO 95/06731, describe enzymatic nucleic acid molecules 
having non-nucleotides within their structure. Such non-nucleotides can be 
used in place of nucleotides to allow formation of an enzymatic nucleic acid. 

This invention relates to improved methods for synthesis of enzymatic 
10 nucleic acids and, in particular, hammerhead and hairpin motif ribozymes. 
This invention is advantageous over iterative chemical synthesis of ribozymes 
since the yield of the final ribozyme can be significantly increased. Rather 
than synthesizing, for example, a 37mer hammerhead ribozyme, two partial 
ribozyme portions, e.g.. a 20mer and a 17mer, can be synthesized in 
15 significantly higher yield, and the two reacted together to form the desired 
enzymatic nucleic acid. 

Referring to Fig. 68, the strategy involved is shown for a hammerhead 
ribozyme where each n or n' is independently any desired nucleotide or non- 
nucleotide. each filled-iri circle represents pairing between bases or other 

20 entities, and the solid line represents a covalent bond. Within the structure 
each n and n' may be a ribonucleotide, a 2'-methoxy-substituted nucleotide, or 
any other type of nucleotide which does not significantly affect the desired 
enzymatic activity of the final product (see Usman et al., supra) . In the 
particular embodiment shown, which is not limiting in this invention, five 

25 ribonucleotides are provided at rG5. rA6. rG8, rGl2. and rA15.1. U4 and U7 
may be abasic (i.e.. lacking the uridine moiety) or may be ribonucleotides, 2*- 
methoxy substituted nucleotides, or other such nucleotides. a9, a13. and a14 
are preferably 2'-methoxy or may have other substituents. The synthesis of 
this hammerhead ribozyme is perfomned by synthesizing a 3' and a 5* portion 

30 as shown in a lower part of Fig. 68. Each 5' and 3' portion has a chemically 
reactive group X and Y, respectively. Non-limiting examples of such 
chemically reactive groups are provided in Fig. 69. These groups undergo 
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chemical reactions to provide the bonds shown in Fig. 69, Thus, the X and Y 
can be used, in various combinations, In this invention to fomi a chemical 
linkage between two ribozyme portions. 

Thus, the invention features a method for synthesis of an enzymatically 
5 active nucleic acid (as defined by Draper, supra ) by providing a 3' and a 5' 
portion of that nucleic acid, each having independently chemically reactive 
groups at the 5' and 3* positions, respectively. The reaction is performed 
under conditions in which a covalent bond is formed between the 3' and 5' 
portions by those chemically reactive groups. The bond formed can be, but is 

10 not limited to, either a disulfide, morpholino, amide, ether, thioether, amine, a 
double bond, a sulfonamide, carbonate, hydrazone or ester bond. The bond 
is not the natural bond formed between a 5' phosphate group and a 3' 
hydroxyl group which is made during nomial synthesis of an oligonucleotide. 
In other embodiments, more than two portions can be linked together using 

15 pairs of X and Y groups which allow proper fomiation of the ribozyme (see 
Figure 69). 

By "chemically reactive group" is simply meant a group which can react 
with another group to fomi the desired bonds. These bonds may be formed 
under any conditions which will not significantly affect the structure of the 
20 resulting enzymatic nucleic acid. Those in the art will recognize that suitable 
protecting groups can be provided on the ribozyme portions. 

In preferred embodiments the nucleic acid has a hammerhead motif and 
the 3' and 5' portions each have chemically reactive groups in or immediately 
adjacent to the stem II region (see Fig. 1). The stem II region is evident in Fig, 

25 1 between the bases termed a9 and rGl2, The C and G within this stem 
defines the end of the stem 11 region. Thus, any of the n or n* moieties within 
the stem II region can be provided with a chemically reactive group. As is 
evident from this structure, the chemically reactive groups need not be 
provided in the solid line portion but can be provided at any of the n or n\ In 

30 this way the length of each of the 5' and 3* portions can vary by several bases 
(Figure 70). 
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In other preferred embodiments^ the chemically reactive group can be, 
but is not limited to, (CH2)nSH; (CH2)nNHR; (CH2)nX; ribose; COOH; 
(CH2)nPPh3; {CH2)nS02CI; (CH2)nCOR: (CH2)nRNH or (CH2)nOH. where, 
CH2 can be replaced by another group which forms a linking chain (which 
5 does not interfere with the terminal chemically reactive group) containing 
various atoms including, but not limited to CH2, such as methylenes, ether, 
ethylene glycol, thioethers, double bonds, aromatic groups and others, 
generally at most 20 such atoms are provided in the linking chain, most 
preferably only 5-10 atoms, and even more preferably only 3- 5 atoms; each 

10 n independently is an integer from 0 to 10 inclusive and may be the same or 
different; each R independently is a proton or an alkyl, alkenyl (as described 
above) and other functional groups or conjugates such as peptides, steroids, 
hoemones, lipids, nucleic acid sequences and others that provides nuclease 
resistance, improved cell association, improved cellular uptake or 

15 interacellular localization. X is halogen, and Ph represents a phenyl ring. 

In yet other preferred embodiments, the conditions include provision of 
NalO^ in contact with the ribose, and subsequent provision of a reducing 
group such as NaBH4 or NaCNBH3; or the conditions include provision of a 
coupling reagent. 

20 In a second related aspect, the invention features a mixture of the 5' and 

3' portions of the enzymatically active nucleic acids having the 3' and 5' 
chemically reactive groups noted above. 

Those in the art will recognize that while examples are provided of half 
ribozymes it is possible to provide ribozymes in 3 or more portions. For 
25 example, the hairpin ribozyme may be synthesized by inclusion of chemically 
reactive groups in helix IV and in other helices which are not critical to the 
enzymatk: activity of the nucleic acid. 

Pol Ill-based vectors 



30 



This invention relates to RNA polymerase Ill-based methods and systems 
for expression of therapeutic RNAs In cells in vivo or in vitro. 
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The RNA polymerase III (pol 111) promoter is one found In DNA encoding 
5S, U6. adenovirus VA1, Vault, telomerase RNA, tRNA genes, etc., and is 
transcribed by RNA polymerase III (for a review see Geiduschek and Tocchini- 
Valentini, 1988 Annu. Rev, Biochem, 57, 873-914: Willis. 1993 Eur. J. 
5 Biochem. 212, 1-11). There are three major types of pol III promoters: types 1. 
2 and 3 (Geiduschek and Tocchini-Valentini, 1988 supra: Willis, 1993 supra) 
(see Figure 1). Type 1 pol III promoter consists of three cis-acting sequence 
elements downstream of the transcriptional start site a) 5'sequence element 
(A block); b) an intermediate sequence element (I block); c) 3' sequence 
10 element (C block). 5S ribosomal RNA genes are transcribed using the type 1 
pol III promoter (Specht et al., 1991 Nucleic Acids Res, 19, 2189-2191. 

The type 2 pol III promoter is characterized by the presence of two cis- 
acting sequence elements downstream of the transcription start site. All 
Transfer RNA (tRNA), adenovims VA RNA and Vault RNA (Kikhoefer et aL. 
15 1993, J. Biol. Chem, 268. 7868-7873) genes are transcribed using this 
promoter (Geiduschek and Tocchini-Valentini, 1988 supra; Willis. 1993 supra). 
The sequence composition and orientation of the two cis-acting sequence 
elements- A box (5* sequence element) and B box (3* sequence element) are 
essential for optimal transcription by RNA polymerase III. 

20 The type 3 pol ill promoter contains all of the cis-acting promoter 

elements upstream of the transcription start site. Upstream sequence 
elements include a traditional TATA box (Mattaj et al., 1988 Cell 55. 435-442). 
proximal sequence element (PSE) and a distal .sequence element (DSE; 
Gupta and Reddy. 1991 Nucleic Acids Res. 19. 2073-2075). Examples of 

25 genes under the control of the type 3 pol III promoter are U6 small nuclear 
RNA (U6 snRNA) and Telomerase RNA genes. 

In addition to the three predominant types of poi III promoters described 
above, several other pol III promoter elements have been reported (Willis. 

1993 supra) (see Figure 76). Epstein-Barr-virus-encoded RNAs (EBER), 
30 Xenopus seleno-cysteine tRNA and human 7SL RNA are examples of genes 
that are under the control of pol III promoters distinct from the aforementioned 
types of promoters. EBER genes contain a functional A and B box (similar to 
type 2 pol III promoter). In addition they also require an EBER-specific TATA 
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box and binding sites for ATF transcription factors (Howe and Shu, 1989 Cell 
57,825-834). The seleno-cysteine tRNA gene contains a TATA box. PSE and 
DSE (similar to type 3 pol III promoter). Unlike most tRNA genes, the seleno- 
cysteine tRNA gene lacks a functional A box sequence element. It does 
5 require a functional B box (Lee et al.. 1989 J. BioL Chem, 264. 9696-9702). 
The human 7SL RNA gene contains an unique sequence element 
downstream of the transcriptional start site. Additionally, upstream of the 
transcriptional start site, the 7SL gene contains binding sites for ATF class of 
transcription factors and a DSE (Bredow et al., 1989 Gene 86, 217-225). 

0 Gilboa WO 89/11539 dnd Gilboa and Sullenger WO 90/13641 describe 

transformation of eucaryotic cells with DNA under the control of a pol III 
promoter. They state: 

•In an attempt to improve antisense RNA synthesis using stable gene transfer 
protocols, the use of pol 111 promoters to drive the expression of antisense RNA can be 

5 considered. The underlying rationale for the use of pol III promoters is that they can 

generate substantially higher levels of RNA transcripts in cells as compared to pol II 
promoters. For example, it is estimated that in a eucaryotic cell there are about 6 x 10^ t- 
RNA molecules and 7x10^ mRNA molecules, i.e., about 1 00 fold more pol III transcripts 
of this class than total pol II transcripts. Since there are about 100 active t-RNA genes 

0 per cell, each t-RNA gene will generate on the average RNA transcripts equal in number 

to total pol II transcripts. Since an abundant pot M gene transcript represents about l7o 
of total mRNA while an average pol II transcript represents about 0.01% of total mRNA, a 
t-RNA (pol 111) based transcriptional unit may be able to generate 100 fold to 10.000 fold 
nrwre RNA than a pol II based transcriptional unit. Several reports have described the 

5 use of pol 111 promoters to express RNA In eucaryotic cells. Lewis and Manley and 

Sisodia have fused the Adenovlms VA-1 promoter to various DNA sequences (the 
herpes TK gene, globin and tubulin) and used transfection protocols to transfer the 
resulting DNA constnjcts Into cultured cells which resulted in transient synthesis of RNA 
in the transduced cell. De la Pena and Zasloff have expressed a t-RNA-Herpes TK 

3 fusion DNA constmct upon microinjection into frog oocytes. Jennings and l^olloy have 

constmcted an antisense RNA template by fusing the VA-l gene promoter to a ONA 
fragment derived from SV40 based vector which also resulted in transient expression of 
antisense RNA and limited inhibition of the target gene". (Citations omined.) 
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The authors describe a fusion product of a chimeric tRNA and an RNA 
product (see Fig. 1C of WO 90/13641). In particular they describe a human 
tRNA meti derivative 3-5. 3-5 was derived from a cloned human tRNA gene by 
deleting 19 nucleotides from the 3' end of the gene. The authors indicate that 
5 the truncated gene can be transcribed If a termination signal is provided, but 
that no processing of the 3* end of the RNA transcript takes place. 

Adeniyi-Jones et al.,1984 Nucleic Acids Res. 12. 1101-1115, describe 
certain constructions which "may serve as the basis for utilizing the tRNA gene 
as a 'portable promoter* in engineered genetic constructions." The authors 
10 describe the production of a so-called A3 -5 in which 1 1 nucleotides of the 3'- 
end of the mature tRNAj"^®* sequence are replaced by a plasmid sequence, 
and are not processed to generate a mature tRNA. The authors state: 

•the properties of the tRNAi"^®^ 3* deletion plasmids described in this study suggest 
their potential use in certain engineered genetic constructions. The tRNA gene could 

15 be used to promote transcription of theoretically any ONA sequence fused to the 3' 

border of the gene, generating a fusion gene which would utilize the efficient 
polymerase III promoter of the human IRNAj'^®^ gene. By fusion of the ONA sequence 
to a IRNAj"^®* deletion mutant such as A3*-4. a long read-through transcript would be 
generated in vivo (dependent, of course/on the absence of effective RNA polymerase 

20 III termination sequences). Fusion of the DNA sequence to a tRNA|"^6t deletion mutant 

such as A3'-5 would lead to the generation of a co-transcript from which subsequent 
processing of the tRNA leader at the 5* portion of the fused transcript would be blocked. 
Control over processing may be of some biological use in engineered constructions, as 
suggested by properties of mRNA species bearing tRNA sequences as 5' leaders tn 

25 prokaryotes. Such 'dual transcripts" code for several predominant bacterial proteins 

such as EF-Tu and may use the tRNA leaders as a means of stabilizing the transcript 
from degradation in vivo. The potential use of the tRNAj"^^* gene as a 'promoter 
leader* in eukaryotic systems has been realized recently in our laboratory. Fusion 
genes consisting of the deleted tRNAj"^®^ sequences contained on plasmids A 3'-4 

30 and A 3*-5 in front of a prorrvster-less Herpes simplex type I thymidine kinase gene yield 

viral-specific enzyme resulting from RNA polymerase 111 dependent transcription in both 
X. laevis oocytes and somatk: cells". (References omitted]. 
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Sullenger et ah. 1990 Ce//63, 601-619, describe over-expression of 
r>\fl-containing sequences using a chimeric tRNAjmeLr^^fl transcription unit 
in a double copy (DC) murine retroviral vector. 

Sullenger et al., 1990 Molecular and Cellular Bio. 10. 6512. describe 
5 expression of chimeric tRNA driven antlsense transcripts. It indicates: 

•successful use of a tRNA-driven anlisense RNA transcription system was dependent 
on the use of a particular type of fBtroviral vector, the double-copy (DC) vector, in which 
the chimeric tRNA gene was inserted In the viral LTR. The use of an RNA pol Ill-based 
transcription system to stably express high levels of foreign RNA sequences in cells 
may have other important applications. Foremost, it may significantly improve the ability 
to Inhibit endogenous genes in eucaryotic cells for the study of gene expression and 
function, whether antisense RNA. ribozymes. or competitors of sequence-specific 
binding factors are used. tRNA-driven transcription systems may be particulariy useful 
for introducing "mutations* Into the germ line. i.e.. for generating transgenic animals or 
transgenic plants. Since tRNA genes are ubiquitously expressed in all cell types, the 
chimeric tRNA genes may be property expressed in all tissues of the animal, in contrast 
to the more idiosyncratic behavior of RNA pol ll-based transcription units. However, 
homologous recombination represents a more elegant although, at present, very 
cumbersome approach for introducing mutations into the germ line. In either case, the 
ability to generate transgenic animals or plants carrying defined mutations will be an 
extremely valuable experimental tool for studying gene function in a developmental 
context and for generating animal models for human genetic disorders. In addition, 
iRNA-driven gene inhibition strategies may also be useful in creating pathogen- 
resistant livestocic and plants. [References omitted.J 

Gotten and Bimstiel.1989 EMBO Jml. 8, 3861, describe the use of tRNA 
genes to increase intracellular levels of ribozymes. The authors indicate that 
the ribozyme coding sequences were placed between the A and the B box 
internal promoter sequences of the Xenopus tRNA"*®' gene. They also 
indicate that the targeted hammertiead ribozymes were active /n vivo. 

Yu et aL. 1993 Proc. Natl. Acad, Sa\ USA 90. 5340, describe the use of a * 
VAI promoter to express a hairpin ribozyme. The resulting transcript consisted 
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of the first 104 nucleotides of the VAI RNA, followed by the ribozyme sequence 
and the temiinator sequence. 

Lieber and Strauss, 1995 MoA Cellular Bio. 15, 540, inserted a 
hammerhead ribozyme sequence in the central domain of a VAI RNA, 

5 Pol llUbased vectors are described in Stinchcomb et al., WO 95/23225. 

Another example is provided below. 

Example 1: Stromeh/sin Hammerhead ribozyme^ 

By engineering ribozyme motifs applicant has designed several 
ribozymes directed against stromelysin mRNA sequences. These ribozyrnes 
10 are synthesized with modifications that improve their nuclease resistance. 
The ability of ribozymes to cleave stromelysin target sequences in vitro is 
evaluated. 

The ribozymes are tested for function in vivo by analyzing stromelysin 
expression levels. Ribozymes are delivered to cells by incorporation into 

15 liposomes, by complexing with cationic lipids, by microinjection, and/or by 
expression from DNA/RNA vectors. Stromelysin expression is monitored by 
biological assays, ELISA, by indirect immunofluoresence. and/or by FACS 
analysis. Stromelysin mRNA levels are assessed by Northern analysis, 
RNAse protection, primer extension analysis and/or quantitative RT-PCR. 

20 Ribozymes that block the induction of stromelysin activity and/or stromelysin 
mRNA by more than 50% are identified. 

Ribozymes targeting selected regions of mRNA associated with arthritic 
disease are chosen to cleave the target RNA in a manner which preferably 
inhibits translation of the RNA. Genes are selected such that inhibition of 

25 translation will preferably Inhibit cell replication, fi^. by inhibiting production 
of a necessary protein or prevent production pf an undesired protein, e.g. . 
stromelysin. Selection of effective target sites within these critical regions of 
mRNA may entail testing the accessibility of the target RNA to hybridization 
with various oligonucleotide probes. These studies can be performed using 

30 RNA or DNA probes and assaying accessibility by cleaving the hybrid 
molecule with RNaseH (see below). Alternatively, such a study can use 
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ribozyme probes designed from secondary structure predictions of the 
mRNAs, and assaying cleavage products by polyacrylamide gel 
electrophoresis (PAGE)» to detect the presence of cleaved and uncleaved 
molecules. 

5 In addition, potential ribozyme target sites within the rabbit stromelysin 

mRNA sequence (1795 nucleotides) were located and aligned with the human 
target sites. Because the rabbit stromelysin mRNA sequence has an 84% 
sequence identity with the human sequence, many ribozyme target sites are 
also homologous. Thus, the rabbit has potential as an appropriate animal 

1 0 model in which to test ribozymes that are targeted to human stromelysin but 
have homologous or nearly homologous cleavage sites on rabbit stromelysin 
mRNA as well (Tables AII-AVI. AVIII & AIX ). Thirty of the 316 UH sites in the 
rabbit sequence are identical with the corresponding site in the human 
sequence with respect to at least 14 nucleotides surrounding the potential 

15 ribozyme cleavage sites. The nucleotide in the RNA substrate that is 
immediately adjacent (5') to the cleavage site is unpaired in the ribozyme- 
substrate complex (see Fig. 1) and is consequently not included in the 
comparison of human and rabbit potential ribozyme sites. In choosing human 
ribozyme target sites for continued testing, the presence of identical or nearly 

20 identical sites in the rabbit sequence is considered. 

Example 2: Suporior sites 

Potential ribozyme target sites were subjected to further analysis using 
computer folding programs (Mulfold or a Macintosh-based version of the 
following program, LRNA (Zucker (1989) Science 244:48). to detemiine if 1) 
25 the target site is substantially single-stranded and therefore predicted to be 
available for interaction with a ribozyme, 2) if a ribozyme designed to that site 
is predicted to form stem It but is generally devoid of any other Intramolecular 
base pairing, and 3) if the potential ribozyme and the sequence flanking both 

sides of the cleavage site together are predicted to interact correctly. The 

30 sequence of Stem 11 can be altered to maintain a stem at that position but 
minimize intramolecular basepairing with the ribozyme's substrate binding 
arms. Based on these minimal criteria, and including all the sites that are 
identical in human and rabbit stromelysin mRNA sequence, a subset of 66 
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potential superior ribozyme target sites was chosen (as first round targets) for 
continued analysis. These are SEQ. ID. NOS.: 34, 35. 37, 47, 54. 57. 61, 63, 
64, 66. 76. 77. 79. 87. 88. 96. 97. 98. 99, 100. 107. 110. 121, 126. 128. 129. 
133. 140. 146, 148. 151. 162. 170. 179. 188. 192. 194. 196. 199, 202. 203. 
5 207. 208, 218. 220. 223, 224. 225. 227. 230. 232. 236. 240. 245. 246. 256, 
259. 260, 269. 280. 281, 290. 302. 328. 335 and 353 (see Table Alll). 

Example 3: Accessible sites 

To determine if any or all of these potential superior sites might be 
accessible to a ribozyme directed to that site, an RNAse H assay is earned out. 

1 0 Using this assay, the accessibility of a potential ribozyme target site to a DNA 
oligonucleotide probe can be assessed without having to synthesize a 
ribozyme to that particular site. If the complementary DNA oligonucleotide is 
able to hybridize to the potential ribozyme target site then RNAse H, which has 
the ability to cleave the RNA of a DNA/RNA hybrid, will be able to cleave the 

15 target RNA at that particular site. Specific cleavage of the target RNA by 
RNAse H is an indication that that site is "open" or "accessible^ to 
oligonucleotide binding and thus predicts that the site will also be open for 
ribozyme binding. By comparing the relative amount of specific RNAse H 
cleavage products that are generated for each DNA oligonucleotide/site. 

20 potential ribozyme sites can be ranked according to accessibility. 

To analyze target sites using the RNAse H assay, DNA oligonucleotides 
(generally 13-15 nucleotides in length) that are complementary to the potential 
target sites are synthesized. Body-labeled substrate RNAs (either full-length 
RNAs or -500-600 nucleotide subfragments of the entire RNA) are prepared 
25 by in vitro transcription in the presence of a ^^P-labeled nucleotide. 
Unincorporated nucleotides are removed from the 32p.|abeled substrate RNA 
by spin chromatography on a G-50 Sephadex column and used without 
further purification. To carry out the assay, the ^^p.iat^^led substrate RNA is 
pre-incubated with the specific DNA oligonucleotide (1 uM and 0.1 \iM final 

30 concentration) in 20 mM Tris-HCI. pH 7.9. 100 mM KCI. 10 mM MgClg. 0.1 mM 
EDTA. 0.1 mM DTT at 37^*0 for 5 minutes. An excess of RNAse H (0,8 units/10 
III reaction) is added and the incubation is continued for 10 minutes. The 
reaction is quenched by the addition of an equal volume of 95% formamide. 
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20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol ^FF after 
which the sample Is heated to SS^'c for 2 minutes, quick chilled and loaded 
onto a denaturing polyacryiamide gel. RNAse H-cleaved BNA products are 
separated from uncleaved RNA on denaturing polyacryiamide gels, visualized 
5 by autoradiography and the amount of cleavage product is quantified. 

RNAse H analysis on the 66 potential ribozyme sites (round 1) was 
carried out and those DNA oligonucleotides/sites that supported the most 
RNAse H cleavage were determined. These assays were carried out using 
full-length human and rabbit stromelysin RNA as substrates. Results 

10 determined on human stromelysin RNA indicated that 23 of the 66 sites 
supported a high level of RNAse H cleavage, and an additional 13 supported 
a moderate level of RNAse H cleavage. Twenty-two sites were chosen from 
among these two groups for continued study. Two of the criteria used for 
making this choice were 1) that the particular site supported at least moderate 

15 RNAse H cleavage on human stromelysin RNA and 2) that the site have two or 
fewer nucleotide differences between the rabbit and the human stromelysin 
sequence. RNAse H accessibility on rabbit stromelysin RNA was detennined, 
bat was not used as a specific criteria for these choices. Those DNA 
oligonucleotides that are not totally complementary to the rabbit sequence 

20 may not be good indicators of the relative amount of RNAse H cleavage, 
possibly because the mismatch leads to less efficient hybridization of the DNA 
oligonucleotide to the mismatched RNA substrate and therefore less RNAse H 
cleavage is seen. 

Example 4: Anah/sis of Ribnyyft^fl<s 

25 Ribozymes were then synthesized to 22 sites (Table AV) predicted to be 

accessible as judged the RNAse H assay. Eleven of these 22 sites are 
identical to the corresponding rabbit sites. The 22 sites are SEQ. ID, NOS.: 
34, 35. 57. 125, 126. 127, 128, 129, 140. 162, 170, 179. 188. 223. 224, 236, 

245, 246, 256, 259, 260, 281. The 22 ribozymes were chemically synthesized 
30 with recognition arms of either 7 nucleotides or 8 nucleotides, depending on 
which ribozyme alone and ribozyme-substrate combinations were predicted 
by the computer folding program (Mulfold) to fold most correctly. After 
synthesis, ribozymes are either purified by HPLC or gel purified. 
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These 22 ribozymes were then tested for their ability to cleave both 
human and rabbit full-length stromelysin RNA. Full-length, body-labeled 
stromelysin RNA is prepared by in vitro transcription in the presence of {a- 
^2p]CTP, passed over a G 50 Sephadex column by spin chromatography and 
5 used as substrate RNA without further purification. Assays are perfonned by 
prewarming a 2X concentration of purified ribozyme in ribozyme cleavage 
buffer (50 mM Tris-HCI, pH 7.5 at SZ'^C, 10 mM MgCl2) and the cleavage 
reaction is initiated by adding the 2X ribozyme mix to an equal volume of 
substrate RNA (maximum of 1-5 nM) that has also been prewarmed in 

10 cleavage buffer. As an initial screen, assays are carried out for 1 hour at 37*^0 
using a final concentration of 1 jiM and 0.1 jiM ribozyme. i^. ribozyme 
excess. The reaction is quenched by the addition of an equal volume of 95% 
formamide, 20 mM EDTA, 0,05% bromophenol blue and 0.05% xylene cyanol 
FF after which the sample is heated to 95*^0 for 2 minutes, quick chilled and 

1 5 loaded onto a denaturing polyacrylamide gel. Full-length substrate RNA and 
the specific RNA products generated by ribozyme cleavage are visualized on 
an autoradiograph of the gel. 

.Of the 22 ribozymes tested. 21 were able to cleave human and rabbit 
substrate RNA in vitro in a site-specific manner. In all cases, RNA cleavage 

20 products of the appropriate lengths were visualized. The size of the RNA was 
judged by comparison to molecular weight standards electrophoresed in 
adjacent lanes of the gel. The fraction of substrate RNA cleaved during a 
ribozyme reaction can be used as an assessment of the activity of that 
ribozyme in vitro. The activity of these 22 ribozymes on full-length substrate 

25 RNA ranged from approximately 10% to greater than 95% of the substrate 
RNA cleaved in the ribozyme cleavage assay using 1 ribozyme as 
described above. A subset of seven of these ribozymes was chosen for 
continued study. These seven ribozymes (denoted in Table AV) were among 
those with the highest activity on both human and rabbit stromelysin RNA. 

30 Five of these seven sites have sequence identity between human and rabbit 
stromelysin RNAs for a minimum of 7 nucleotides in both directions flanking 
the cleavage site. These sites are 883. 947, 1132. 1221 and 1410. and the 
ribozymes are SEQ. ID. NOS.: 368. 369, 370. 371. 372. 373, and 374. 
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Examples: Arm Length Tflsts 

In order to test the effect of arm length variations on the cleavage activity 
of a ribozyme to a particular site in vitro, ribozymes to these seven sites were 
designed that had alterations in the binding arm lengths. For each site, a 
5 complete set of ribozymes was synthesized that included ribozymes with 
binding amis of 6 nucleotides, 7 nucleotides. 8 nucleotides. 10 nucleotides 
and 12 nucleotides. Lfix, 5 ribozymes to each site. These ribozymes were gel- 
purified after synthesis and tested in ribozyme cleavage assays as described 
above. 

1 0 After analysis of the 35 ribozymes, five ribozymes with varied arm lengths 

to each of these seven sites, it was clear that two ribozymes were the most 
active in vitro. These two ribozymes had seven nucleotide arms directed 
against human sequence cleavage sites of nucleotide 617 and nucleotide 
820. These are referred to as RZ 617H 7/7 and RZ 820H 7/7 denoting the 

15 human (H) sequence cleavage site (617 or 820) and the ami length on the 5' 
and 3' side of the ribozyme molecule. 

Example - Testing the efficacy of ribozvmes In cell culture 

The two most active ribozymes in vitro (RZ 61 7H 7/7 and RZ 820H 7/7) 
were then tested for their ability to cleave stromelysin mRNA in the cell. 

20 Primary cultures of human or rabbit synovial fibroblasts were used in these 
experiments. For these efficacy tests, ribozymes with 7 nucleotide amis were 
synthesized with 2' O- methyl modifications on the 5 nucleotides at the 5' end 
of the molecule and on the 5 nucleotides at the 3' end of the molecule. For 
comparison, ribozymes to the same sites but with 12 nucleotide arms (RZ 

25 617H 12/12 and RZ 820H 12/12) were also synthesized with the Z O methyl 
modifications at the 5 positions at the end of both binding arms. Inactive 
ribozymes that contain 2 nucleotide changes in the catalytic core region were 
also prepared for use as controls. The catalytic core in the inactive ribozymes 
is CULLAUGAGGCCGAAAGGCCGAIL versus 

30 CUflAUGAGGCCGAAAGGCCGAA in the active ribozymes. The inactive 
ribozymes show no cleavage activity in vitro when measured on full-length 
RNA in the typical ribozyme cleavage assay at a 1 jiM concentration for 1 
hour. 
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The general assay was as follows: Fibroblasts, which produce 
stromelysin, are serum-starved overnight and ribozymes or controls are 
offered to the cells the next day. Cells are maintained in serum-free media. 
The ribozyme can be applied to the cells as free ribozyme, or in association 
5 with various delivery vehicles such as cationic lipids (including Transfectam'^^, 
Lipofectin^'^ and Llpofectamine^"), conventional liposomes, non-phospholipid 
liposomes or biodegradable polymers. At the time of ribozyme addition, or up 
to 3 hours later, Interieukin-la (typically 20 units/ml) can be added to the cells 
to induce a large increase in stromelysin expression. The production of 
1 0 stromelysin can then be monitored over a time course, usually up to 24 hours. 

If a ribozyme is effective in cleaving stromelysin mRNA within a cell, the 
amount of stromelysin mRNA wiil be decreased or eliminated. A decrease in 
the level of cellular stromelysin mRNA. as well as the appearance of the RNA 
products generated by ribozyme cleavage of the full-length stromelysin mRNA, 

1 5 can be analyzed by methods such as Northern blot analysis. RNAse protection 
assays and/or primer extension assays.. The effect of ribozyme cleavage of 
cellular stromelysin mRNA on the production of the stromelysin protein can 
also be mea<^ *\ by a number of assays. These include the ELISA (Enzyme- 
Linked Immuno Sorbent Assay) and an immunofluorescence assay, described 

20 below. In addition, functional assays have been published that monitor 
stromelysin's enzymatic activity by measuring degradation of its primary 
substrate, proteoglycan. 

Example 7: Analysis of Stromelysin Protein 

Stromelysin secreted into the media of Interieukin-la-induced human 
25 synovial fibroblasts was measured by ELISA using an antibody that 
recognizes human stromelysin. Where present, a Transfectam^^-ribozyme 
complex (0.15 \iM ribozyme final concentration) was offered to 2-4 x 10^ 
serum-starved cells for 3 hours prior to induction with lnterleukin-1a. The 

Transfectam^** was prepared according to the manufacturer (Promega Corp.) 

30 except that 1:1 (w/w) dioleoyi phosphatidylethanolamine was included. The 
Transfectam™-ribozyme complex was prepared in a 5:1 charge ratio, f^edia 
was harvested 24 hours after the addition of Interieukih-la. The control (NO 
RZ) is Transfectam^'^ alone applied to the cell. Inactive ribozymes. with 7 



wo 9^18736 



PCT/US9S/15S16 



72 

nucleotide arms or 12 nucleotide arms have the two inactivating changes to 
the catalytic core that are described above. Cell samples were prepared in 
duplicate and the assay was carried out on several dilutions of the conditioned 
media from each sample. Results of the EUSA are presented below as a 
5 percent of stromelysin present vs. the control (NO RZ) which is set at 100%. 

RZTARGFTSn^ 



TREATMENT 617H ' 820H 

RZ7/7 06.83 07,05 

12/12 18.47 33.90 

10 INACTIVE R2 7/7 100 lOO 

INACTIVE R2 12/12 100 100 

NO R2 CONTROL 1 00 100 



1 5 The results above cleariy indicate that treatment with active ribozyme. 

either RZ 61 7H 7/7 and RZ 820H 7/7, has a dramatic effect on the amount of 
stromelysin secreted by the cells. When compared to untreated, control cells 
or cells treated with inactive ribozymes. the level of stromelysin was 
decreased by approximately 93%. Ribozymes to the same sites, but 

20 synthesized with 12 nucleotide binding arms, were also efficacious, causing a 
decrease in stromelysin to -66 to -81% of the control. In previous in vitro 
ribozyme cleavage assays. RZ 61 7H 7/7 and RZ 820H 7/7 had better cleavage 
activity on full-length RNA substrates than ribozymes with 12 nucleotide arms 
directed to the same sites (61 7H 12/12 and RZ 820H 12/12). 

25 Example 8: Immunofluorescent Assay 

An alternative method of stromelysin detection is to visualize stromelysin 
protein in the cells by immunofluorescence. For this assay, cells are treated 
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with monensin to prevent protein secretion from the cell. The stromelysin 
retained by the cells after monensin addition can then be visualized by 
immunofluorescence using either conventional or confocal microscopy. 
Generally, cells were serum-starved overnight and treated with ribozyme the 
5 following day for several hours. Monensin was then added and after -5-6 
hours, monensln-treated cells were fixed and permeabilized by standard 
methods and incubated with an antibody recognizing human stromelysin. 
Following an additional incubation period with a secondary antibody that is 
conjugated to a fluorophore, the cells were observed by microscopy. A 
10 decrease in the amount of fluorescence in ribozyme-treated cells, compared to 
cells treated with inactive ribozymes or media alone, indicates that the level of 
stromelysin protein has been decreased due to ribozyme treatment. 

As visualized by the immunofluorescence technique described above, 
treatment of human synovial fibroblasts with either R2 61 7H 7/7 or RZ 820H 

15 7/7 (final concentrations of 1.5 (iM free ribozyme or 0.15 \iM ribozyme 
complexed with Transfectam^M resulted in a significant decrease in 
fluorescence, and therefore stromelysin protein, when compared with controls. 
Controls consisted of tre iiig with media or Transfectam^ alone. Treatment 
of the cells with the corresponding inactive ribozymes with two inactivating 

20 changes in the catalytic core resulted in immunofluorescence similar to the 
controls without ribozyme treatment. 

Rabbit synovial fibroblasts were also treated with RZ 617H 7/7 or RZ 
820H 7/7, as well as with the two con-esponding ribozymes (RZ 61 7R 7/7 or RZ 
820R 7/7) that each have the appropriate one nucleotide change to make 

25 them completely complementary to the rabbit target sequence. Relative to 
controls that had no ribozyme treatment, immunofluorescence in Interieukin- 
la-induced rabbit synovial fibroblasts was visibly decreased by treatment with 
these four ribozymes. whether specific for rabbit or human mRNA sequence. 
For the immunofluorescence study in rabbit synovial fibroblasts, the antibody 

30 to human stromelysin was used. 

Example 9: RiboTym e Cleavaoe of Cellular RNA 



The following method was used in this example. 
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Primer extensinn aff?^f y 

The primer extension assay was used to detect full-length RNA as well as 
the 3' ribozyme cleavage products of the RNA of interest. The method 
involves synthesizing a DNA primer (generally -20 nucleotides in length) that 
5 can hybridize to a position on the RNA that is downstream (3') of the putative 
ribozyme cleavage site. Before use, the primer was labeled at the 5' end with 
32p[ATP] using T4 polynucleotide kinase and purified from a gel. The labeled 
primer was then incubated with a population of nucleic acid' isolated from a 
cellular lysate by standard procedures. The reaction buffer was 50 mM Tris- 

10 HCI. pH 8.3, 3 mM MgCl2. 20 mM KCI. and 10 mM DTT, A 30 minute 
extension reaction follows, in which all DNA primers that have hybridized to 
the RNA were substrates for reverse transcriptase, an enzyme that will add 
nucleotides to the 3* end of the DNA primer using the RNA as a template. ' 
Reverse transcriptase was obtained from Life Technologies and is used 

15 essentially as suggested by the manufacturer. Optimally, reverse 
transcriptase will extend the DNA primer, fomiing cONA. until the end of the 
RNA substrate is reached. Thus, for ribozyme-cleaved RNA substrates, the 
cDNA product will be shorter the resulting cDNA product of a full-length, 
or uncleaved RNA substrate. The differences in size of the 32p.(abeied 

20 cDNAs produced by extension can then be discriminated by electrophoresis 
on a denaturing polyacrylamide gel and visualized by autoradiography. 

Strong secondary stnjcture in the RNA substrate can. however, lead to 
premature stops by reverse transcriptase. This background of shorter cDNAs 
is generally not a problem unless one of these prematurely terminated 
25 products electrophoreses In the expected position of the ribozyme-cleavage 
product of Interest. Thus, 3* cleavage products are easily identified based on 
their expected size and their absence from control lanes. Strong stops due to 
secondary structure in the RNA do, however, cause problems in trying to 
quantify the total full-length and cleaved RNA present. For this reason, only 

30 the relative amount of cleavage can easily be determined. 

The primer extension assay was carried out on RNA isolated from cells 
that had been treated with Transfectam^^-complexed R2 61 7H 7/7, R2 820H 
7/7. RZ 61 7H 12/12 and RZ 820H 12/12. Control cells had been treated with 
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Transfectam^" alone. Primer extensions on RNA from cells treated with the 
Transfectam'" complexes of the inactive versions of these four ribozymes 
were also prepared. The 20 nucleotide primer sequence is 5' 
AATGAAAACGAGGTCCTTGC 3' and it is complementary to a region about 
5 285 nucleotides downstream of ribozyme site 820. For ribozymes to site 617. 
the cDNA length for the 3' cleavage product is 488 nucleotides, for 820 the 
cDNA product is 285 nucleotides. Full-length cDNA will be 1105 nucleotides 
in length. Where present. 1 ml of 0.15 ^M ribozyme was offered to -2-3 x 10^ 
serum-starved human synovial fibroblasts. After 3 hours. 20 units/ml 
10 Interleukin-la was added to the cells and the incubation continued for 24 
hours. 

32p.|abeled cDNAs of the correct sizes for the 3* products were cleariy 
visible in lanes that contained RNA from cells that had been treated with active 
ribozymes to sites 617 and 820. Ribozymes with 7 nucleotide arms were 

15 judged to be more active than ribozymes with 12 nucleotide arms by 
comparison of the relative amount of 3* cleavage product visible. This 
correlates well with the data obtained by ELISA analysis of the conditioned 
media from these same samples.- Ir. f..idition. no cDNAs con^esponding to the 
3' cleavage products were visible following treatment of the cells with any of 

20 the inactive ribozymes. 

To insure that ribozyme cleavage of the RNA substrate was not occurring 
during the preparation of the cellular RNA or during the primer extension 
reaction itself, several controls have been carried out. One control was to add 
body-labeled stromelysin RNA. prepared by in vitro transcription, to the 

25 cellular lysate. This lysate was then subjected to the typical RNA preparation 
and primer extension analysis except that non-radioactive primer was used. If 
ribozymes that are present in the cell at the time of cell lysis are active under 
any of the conditions during the subsequent analysis, the added, body-labeled 
stromelysin RNA will become cleaved. This, however, is not the case. Only 

30 full-length RNA was visible by gel analysis, no ribozyme cleavage products 
were present. This is evidence that the cleavage products detected in RNA 
from ribozyme-treated cells resulted from ribozyme cleavage in the cell, and 
not during the subsequent analysis. 
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Example 10: f=^KlA ?e Protection Assay 

By RNAse protection analysis, both the 3' and the 5' products generated 
by ribozyme cleavage of the substrate RNA in a cell can be identified. The 
RNAse protection assay is earned out essentially as described in the protocol 
5 provided with the Lysate Ribonuclease Protection Kit (United States 
Biochemical Corp.) The probe for RNAse protection is an RNA that is 
complementary to the sequence surrounding the ribozyme cleavage site. 
This "antisense" probe RNA is transcribed in vitro from a template prepared by 
the polymerase chain reaction in which the 5' primer was a DNA 

10 oligonucleotide containing the T7 promoter sequence. The probe RNA is 
body labeled during transcription by including 32p[CTP] in the reaction and 
purified away from unincorporated nucleotide triphosphates by 
chromatography on G-50 Sephadex. The probe RNA (100.000 to 250,000 
cpms) is allowed to hybridize overnight at 37^0 to the RNA from a cellular 

1 5 lysate or to RNA purified from a cell lysate. After hybridization. RNAse T^ and 
RNAse A are added to degrade all single-stranded RNA and the resulting 
products are analyzed by gel electrophoresis and autoradiography. By this 
analysis, full-length, uncleaved target RN/. ^/ill protect the full-length probe. 
For ribozyme-cleaved target RNAs, only a portion of the probe will be 

20 protected from RNAse digestion because the cleavage event has occurred in 
the region to which the probe binds. This results in two protected probe 
fragments whose size reflects the position at which ribozyme cleavage occurs 
and wfiose sizes add up to the size of the full-length protected probe. 

RNAse protection analysis was carried out on cellular RNA isolated from 
25 rabbit synovial fibroblasts that had been treated either with active or inactive 
ribozyme. The ribozymes tested had 7 nucleotide anms specific to the rabbit 
sequence but corresponding to human ribozyme sites 617 and 820 (i.e. RZ 
61 7R 7/7, RZ 820R 7/7), The inactive ribozymes to the same sites also had 7 
nucleotide anms and included the two inactivating changes described above. 
30 The inactive ribozymes were not active on full-length rabbet stromelysin RNA in 

a typical 1 hour ribozyme cleavage reaction In vitro at a concentration of 1 
For all samples, one ml of 0.15 \iM ribozyme was administered as a 
Transfectam^*^ complex to serum-stan/ed cells. Addition of Interieukin-la 
followed 3 hours later and cells were harvested after 24 hours. For samples 
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from cells treated with either active ribozyme tested, the appropriately-sized 
probe fragments representing ribozyme cleavage products were visible. For 
site 617, two fragments corresponding to 125 and 297 nucleotides were 
present, for site 820 the two fragments were 328 and 94 nucleotides in length. 
5 No protected probe fragments representing RNA cleavage products were 
visible in RNA samples from cells that not been treated with any ribozyme, or 
in cells that had received the inactive ribozymes. Full-length protected probe 
(422 nucleotides in length) was however visible, indicating the presence of 
full-length, uncleaved stromelysin RNA in these samples. 

10 Delivery of Free and Transfectam-Complexed Ribozvmes to Rbroblasts 

Ribozymes can be delivered to fibroblasts complexed to a cationic lipid 
or in free form. To deliver free ribozyme, an appropriate dilution of stock 
ribozyme (final concentration is usually 1.5 \iM) is made in serum-free 
medium; if a radioactive tracer is to be used (Lfi*, ^^P), the specific activity of 

15 the ribozyme is adjusted to 800-1200 cpm/pmol. To deliver ribozyme 
complexed with the cationic lipid Transfectam. the lipid is first prepared as a 
stock solution containing 1/1 (w/w) dioleoylp^icpphatidylcholine (DOPE). 
Ribozyme is mixed with the Transfectam/DOPE mixture at a 1/5 (R2/TF) charge 
ratio; for a 36-mer ribozyme, this is a 45-fold molar excess of Transfectam 

20 (Transfectam has 4 positive charges per molecule). After a 10 min incubation 
at room temperature, the mixture is diluted and applied to cells, generally at a 
ribozyme concentration of 0.15 nf^. For 32p experiments, the specific activity 
of the ribozyme is the same as for the free ribozyme experiments. 

After 24 hour, about 30% of the offered Transfectam-ribozyme cpm's are 
25 cell-associated (In a nudease-resistant manner). Of this, about 10-15% of the 
cpm's represent intact ribozyme; this is about 20-25 million ribozymes per cell. 
For the free ribozyme. about 0.6% of the offered dose is cell-associated after 
24 hours. Of this, about 10-15% is intact; this is about 0.6-0.8 million 
ribozymes per cell. 

30 Example 1 1 : /n vitro cleavaoe of strom elvsin mRNA bv HH ribQTvmes 



In order to screen for additional HH ribozyme cleavage sites, ribozymes. 
targeted against some of the sites listed in example 2 and Table 3, were 
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synthesized. These ribozymes were extensively modified such that: 5' 
terminal nucleotides contain phosphorothioate substitutions; except for five 
ribose residues in the catalytic core, all the other 2*-hydroxyl groups within the 
ribozyme were substituted with either 2'-0-methyl groups or 2'-C-allyl 
5 modifications. The aforementioned modifications are meant to be non-limiting 
modifications. Those skilled in the art will recognize that other embodiments 
can be readily generated using the techniques known in the art. 

These ribozymes were tested for their ability to cleave RNA substrates in 
vitro. Refemng to Fig. 7. in vitro RNA cleavage by HH ribozymes targeted to 

10 sites 21. 463. 1049, 1366, 1403. 1410 and 1489 (SEQ. ID. NOS. 35, 98. 202, 
263, 279, 281 and 292 respectively) was assayed at 37''C. Substrate RNAs 
were 5* end-labeled using [7-32p]ATP and T4 polynucleotide kinase enzyme. 
In a standard cleavage reaction under "ribozyme excess" conditions. -1 nM 
substrate RNA and 40 nM ribozyme were denatured separately by heating to 

15 90^C for 2 min followed by snap cooling on ice for 10 min. The substrate and 
the ribozyme reaction mixtures were renatured in a buffer containing 50 mM 
Tris-HCI. pH 7.5 and 10 mM MgC!2 at 37*^0 for 10 min. Cleavage reaction 
was initiated by mixing the ribozyme and the substrat; fiNA and incubating at 
37''C. Aliquots of 5 jil were taken at regular intervals of time and the reaction 

20 quenched by mixing with an equal volume of formamide stop mix. The 
samples were resolved on a 20% polyacrylamide/urea gel. 

A plot of percent RNA substrate cleaved as a function of time is shown in 
Fig, 7. The plot shows that all six HH ribozymes cleaved the target RNA 
efficiently. Some HH ribozymes were, however, more efficient than others 
25 (fi^ 1049HH cleaves faster than 1366HH). 

Ribozyme Efficacv Assay in Cultured HS-27 Cells f Used in the Followinn 
Examples): 

Ribozymes were assayed on either human foreskin fibroblasts(HS-27) 
cell line or primary human synovial fibroblasts (HSF). All cells were plated the 
30 day before the assay in media containing 10% fetal bovine serum in 24 well 
plates at a density of 5x10"* cells/well. At 24 hours after plating, the media 
was removed from the wells and the monolayers were washed with Dulbeccos 
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phosphate buffered saline (PBS). The cells were serum starved for 24 h by 
incubating the cells in media containing 0.5% fetal bovine serum (FBS; 1 
ml/well). Ribozyme/lipid complexes were prepared as follows: Ribozymes and 
LipofectAMINE were diluted separately in serum-free DMEM plus 20 mM 
5 Hepes pH 7.3 to 2X final concentration, then equal volumes were combined, 
vortexed and incubated at 37**C for 15 minutes. The charge ratio of 
LipofectAmine: ribozyme was 3:1. Cells were washed twice with PBS 
containing Ca2+ and Mg2+. Cells were then treated the ribozyme/lipid 
complexes and incubated at 37X for 1.5 hours. FBS was then added to a 

10 final concentration of 10%. Two hours after FBS addition, the ribozyme 
containing solution was removed and 0.5 ml DMEM containing 50 u/ml IL-1. 
10% FBS, 20 mM Hepes pH 7.3 added. Supematants were harvested 16 
hours after IL-1 induction and assayed for stromelysin expression by ELISA. 
Polyclonal antibody against Matrix Metalloproteinase 3 (Biogenesis. NH) was 

15 used as the detecting antibody and anti-stromelysin monoclonal antibody 
was used as the capturing antibody in the sandwich ELISA (Maniatis et al.. 
supra) to measure stromelysin expression. 

Examole 12: Ri bozvme-Mediated Inhibition of Stromelvsin E x pression in 
human fibroblast cells 

20 Referring to Figs. 8 through 13. HH ribozymes, targeted to sites 21 , 463. 

1049, 1366. 1403. 1410 and 1489 within human stromelysin- 1 mRNA. were 
transfected into HS-27 fibroblast or HSF cell line as described above. 
Catalytically inactive ribozymes that contain 2 nucleotide changes in the 
catalytic core region were also synthesized for use as controls. The catalytic 

25 core in the inactive ribozymes was CUUAUGAGGCCGAAAGGCCGAU versus 
CUfiAUGAGGCCGAAAGGCCGAA in the active ribozymes. The inactive 
ribozymes show no cleavage activity in vitro when measured on full-length 
RNA in the typical ribozyme cleavage assay at a 1 uM concentration for 1 
hour. Levels of stromelysin protein were measured using a sensitive ELISA 

30 protocol as described above. IL-1 in the figures mean that cells were 
treated with IL-1 to induce the expression of stromelysin expression. -IL-1 
means that the cells were not treated. Figs. 8 through 13 show the dramatic 
reduction in the levels of stromelysin protein expressed in cells that were 
transfected with active HH ribozymes. This decrease In the level of 
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stromelysin production is over and above some non-specific inhibition seen in 
cells that were transfected with catalytically inactive ribozymes. There is on an 
average a greater than 50% Inhibition in stromelysin production (in cells 
transfected with active HH ribozymes) when compared with control cells that 
were transfected with inactive ribozymes. These results suggest that the 
reduction in stromelysin production in HS-27 cells is mediated by sequence- 
specific cleavage of human stromelysin-1 mRNA by catalytically active HH 
ribozymes. Reduction in stromelysin protein production in cells transfected 
with catalytically inactive ribozymes may be due to some "antisense effect" 
caused by binding of the inactive ribozyme to the target RNA and physically 
preventing translation. 

Example 13: Ribozvme-mediated int^i b ition of stmmelvsin eyp fft<;gif;.n jn 
Rabbit Knee 

In order to extend the ribozyme efficacy in cell culture, applicant has 
chosen to use rabbit knee as a reasonable animal model to study ribozyme- 
mediated inhibition of rabbit stromelysin protein expression. Applicant 
selected a HH ribozyme {t049HH). targeted to site 1049 wit.'^in human 
stromelysin-1 mRNA. for animal studies because site 1049 is 100% identical 
to site 1060 (Tables All! and AVI) within rabbit stromelysin mRNA. This has 
enabled applicant to compare the efficacy of the same ribozyme in human as 
well as in rabbit systems. 

Male New Zealand White Rabbits (3-4 Kg) were anaesthetized with 
ketamine-HCI/xylazlne and injected Intra-articularly (I.T.) in both knees with 
100 ug ribozyme (e.g.. SEQ. ID. NO. 202) in 0.5 ml phosphate buffered saline 
(PBS) or PBS alone (Controls). The IL-1 (human recombinant IL-1a. 25 ng) 
was administered I.T.. 24 hours following the ribozyme administration. Each 
rabbit received IL-1 in one knee and PBS alone in the other. The synovium 
was harvested 6 hours post IL-1 Infusion, snap frozen in liquid nitrogen, and 

Stored at -BOX. Total RNA is extracted with TRIzol reagent (GIBCO BRL. 
Gaithersburg. MD). and was analyzed by Northern-blot analysis and/or 
RNase-protection assay. Briefly. 0.5 ]ig cellular RNA was separated on 1.0 % 
agarose/formaldehyde gel and transfered to Zeta-Probe GT nylon membrane 
(Bio-Rad. Hercules. CA) by capillary transfer for -16 hours. The blots were 
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baked for two hours and then pre-hybridized for 2 hours at 65*C In lo ml 
Church hybridization buffer (7 % SDS. 500 mM phosphate, 1 mM EDTA. 1% 
Bovine Serum Albumin). The blots were hybridized at 65^C for --16 hours with 
106 cpm/ml of full length 32p.|abeled complementary RNA (cRNA) probes to 
5 rabbit stromelysin mRNA (cRNA added to the pre-hybridization buffer along 
with 100 (il lOmg/ml salmon sperm DNA). The blot was rinsed once with 5% 
SDS. 25 mM phosphate, 1 mM EDTA and 0.5% BSA for 10 min at room 
temperature. This was followed by two washes (10 min each- wash) with the 
same buffer at 65**C, which was then followed by two washes (10 min each 
10 wash) at 65^C with ^% SDS, 25 mM phosphate and 1 mM EDTA. The blot 
was autoradiographed. The blot was reprobed with a 100 nt cRNA probe to 
18S rRNA as described above. Following autoradiography, the stromelysin 
expression was quantified on a scanning densitometer, which is followed by 
normalization of the data to the 18S rRNA band intensities. 

15 As shown in Figs. 14-16. catalytically active 1049HH ribozyme mediates 

a decrease in the expression of stromelysin expression in rabbit knees. The 
inhibition appears to be sequence-specific and ranges from 50-70%. 

Exampl e 14; Phosphorothioate-substituted Ribozymes inhibit strQmply5;ir. 
expression in Rabbit Knee 

20 Ribozymes containing four phosphorothioate linkages at the 5' termini 

enhance ribozyme efficacy in mammalian cells. Refening to Fig. 17, applicant 
has designed and synthesized hammerhead ribozymes targeted to site 1049 
within stromelysin RNA, wherein, the ribozymes contain five phosphorothioate 
linkages at their 5' and 3* temiini. Additionally, these ribozymes contain 2 -O- 

25 methyl substitutions at 30 nucleotide positions. 2'-C-allyl substitution at U4 
position and 2'-OH at five positions (Fig 17A). As described above, these 
ribozymes were administered to rabbit knees to test for ribozyme efficacy. The 
1049 U4-C-allyl P=S active ribozyme shows greater than 50 % reduction in 

the level of stromelysin RNA in rabbit knee. Catalytically inactive version of 
30 the 1049 U4-C-allyl P=S ribozyme shows -30% reduction in the level of 
stromelysin RNA. 
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Referring to Fig. 18, applicant has also designed and synthesized 
hammerhead ril)ozymes targeted to three distinct sites within stromelysin RNA. 
wherein, the ribozymes contain four phosphorothioate linkages at their 5' 
temiini. Additionally, these ribozymes contain 2*-0-methyl substitutions at 29 
5 nucleotide positions, 2'-amino substitutions at U4 and U7 positions and 2*-OH 
at five positions. As described above, these ribozymes were administered to 
rabbit knees to test for ribozyme efficacy. As shown in Figures 18-21. 
ribozymes targeted to sites 1049. 1363 and 1366 are all efficacious in rabbit 
knee. All three ribozymes decreased the level of stromelysin RNA in rabbit 
1 0 knee by about 50 %. 

Sequences and chemical modifications described in figures 17 and 18 
are meant to be non-limiting examples. Those skilled in the art will recognize 
that similar embodiments with other ribozymes and ribozymes containing 
other chemical modifications can be readily generated using techniques 
1 5 known in the art and are within the scope of the present invention. 

Applicant has shown that chemical modifications, such as 6-methyl U 
and abasic (nucleotide containing no base) moieties can be substituted af 
certain positions within the ribozyme, for example U4 and U7 positions, 
without significantly effecting the catalytic activity of the ribozyme. Similariy. 
20 3'-3' linked abasic inverted ribose moieties can be used to protect the 3' ends 
of ribozymes in place of an inverted T without effecting the activity of the 
ribozyme. 

B7-1, B7-2, B7-3 and CD40 are attractive ribozyme targets by several 
criteria. The molecular mechanism of T cell activation is well-established. 
25 Efficacy can be tested in well-defined and predictive animal models. The 
clinical end-point of graft rejection is clear. Since delivery would be ex vivo, 
treatment of the con-ect cell population would be assured. Finally, the disease 
condition is serious and current therapies are Inadequate. Whereas protein- 

based therapies would induce energy against all antigens encountered during 
30 the several week treatment period, ex vivo ribozyme therapy provides a direct 
and elegant approach to truly donor-specific energy. 
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Similarly, autoimmune diseases and allergies can be prevented or 
treated by reversing the devastating course of immune response to self- 
antigens. Specifically, nucleic acids of this inventions can dampen the 
response to naturally occuring antigens. 

5 Example 15: B7>1. B7-2. B7-3 and/or CD 4Q Hammerhead ribozymes 

By engineering ribozyme motifs we have designed several ribozymes 
directed against B7-1, B7-2. B7-3 and/or CD40 encoded mRNA sequences. 
These ribozymes were synthesized with modifications that improve their 
nuclease resistance. The ability of ribozymes to cleave target sequences in 
10 vitro was evaluated. 

Several common human cell lines are available that can be induced to 
express endogenous B7-1. B7-2, B7-3 and/or CD40 . Alternatively, murine 
splenic cells can be isolated and induced, to express B7-1 or B7-2, with IL-4 or 
recombinant C040 ligand. B7-1 and B7-2 can be detected easily with 
15 monoclonal antibodies. Use of appropriate flourescent reagents and 
flourescence-activated cell-sorting (FACS) will permit direct quantitation of 
surface 87- 1 and B7-2 on a cell-by-cell basis. Active ribozymes are expected 
to directly reduce B7-1 or B7-2 expression. Ribozymes targeted to CD40 
would prevent induction of B7-2 by CD40 ligand. . 

20 Several animal models of transplantation are available - Mouse, rat. 

Porcine model (Fodor et al., 1994, Proc. NatL Acad. ScL USA 91. 11153); or 
Baboon (reviewed by Nowak. 1994 Science 266. 1148). B7-1. B7-2. 87-3 
and/or CD40 protein levels can be measured clinically or experimentally by 
FACS analysis, B7-1, B7-2, B7-3 and/or CD40 encoded mRNA levels will be 

25 assessed by Northem analysis, RNase*protection, primer extension analysis 
and/or quantitative RT-PCR. Ribozymes that block the induction of B7-1, 87- 
2, B7-3 and/or CD40 activity and/or 87-1, 87-2, 87-3 and/or CD40 protein 
encoding mRNAs by more than 20% in vitro will be identified. 

Several animals models of autoimmune disorders are available- allergic 
30 encephalomyelitis (EAE) in Lewis rats (Carison et al., 1993 Ann. N.Y. Acad. 
Sci. 685, 86); animal models of multiple sclerosis (Wekerie et al.. 1994 Ann. 
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Neurol. 36. s47) and rheumatoid arthritis (van Laar et al., 1994 Chem. 
ImnfiunoL 58, 206). 

Several animal models of allergy are available and are reviewed by 
Kemeny and Diaz-Sanchez, 1990, Clin. Exp. Immunol. 82. 423 and Pretolani 
5 et a!., 1994 Ann. N.Y.Acad. Sci. 725. 247), 

RNA ribozymes and/or genes encoding them will be delivered by either 
free delivery, liposome delivery, cationic lipid delivery, adeno-associated virus 
vector delivery, adenovirus vector delivery, retrovirus vector delivery or 
plasmid vector delivery in these animal model experiments (see above). One 
1 0 dose of a ribozyme vector that constitutively expresses the ribozyme or one or 
more doses of a stable anti-B7-1 . B7-2. B7-3 and/or CD40 ribozymes or a 
transiently expressing ribozyme vector to donor APC, followed by infusion into 
the recipient may reduce the incidence of graft rejection. Alternatively, graft 
tissues may be treated as described above prior to transplantation. 

15 Example 1 6: Svnthesis of 6-methvl-uridine ohosDhoramidite 

Referring to Figure 30, the suspension of 6-methyl-uracil (2.77g. 21.96 
mmol) in the mixture of hexamethyldisilazane (SOmL) and dry pyridine (50mL) 
was refluxed for three hours. The resulting clear solution of trimethylsilyl 
derivative of 6-methyl uracyl was evaporated to dryness and coevaporated 2 

20 times with dry toluene to remove traces of pyridine. To the solution of the 
resulting clear oil. in dry acetonltrile. 1-0-acetyl-2\3'.5'-tri-0-benzoyl-b-D- 
ribose (lO.lg, 20 mmol) was added and the reaction mixture was cooled to 
O^'C. To the above stirred solution, trimethylsilyl trifluoromethanesulfonate 
(4,35 mL, 24 mmol) was added dropwise and the reaction mixture was stirred 

25 for 1.5 h at O^C and then 1h at room temperature. After that the reaction 
mixture was diluted with dichloromethane washed with saturated sodium 
bicarbonate and brine. The organic layer was evaporated and the residue 
was purified by flash chromatography on silica gel with ethylacetate-hexane 
(2:1) mixture as an eluent to give 9.5g (83%) of the compound 2 and 0.8g of 

30 the corresponding N^.N^-bis-derivative. 

To the cooled (-lO^^C) solution of the compound (4.2g, 7.36 mmol) in the 
mixture of pyridine (60 mL) and methanol (10 mL) ice-cooled 2M aqueous 
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solution of sodium hydroxide (16 mL) was added with constant stirring. The 
reaction mixture was stirred at -10'C for additional 30 minutes and then 
neutralized to pH 7 with Oowex 50 {Py+). The resin was filtered off and 
washed with a 200 mL mixture of H2O - Pyridine (4:1). The combined "mother 
5 liquor- and the washings were evaporated to dryness and dried by multiple 
coevaporation with dry pyridine. The residue was redissolved in dry pyridine 
and then mixed with dimethoxytrityl chloride (2.99g. 8.03 mmol). The reaction 
mixture was left overnight at room temperature. Reaction was-quenched with 
methanol (25 mL) and the mixture was evaporated. The residue was 
10 dissolved in dichloromethane. washed with saturated aqueous sodium 
bicartjonate and brine. The organic layer was dried over sodium sulfate and 
evaporated. The residue was purified by flash chromatography on silica gel 
using linear gradient of MeOH (2% to 5%) in CH2CI2 as eluent to give 3.4g 
(83%) of the compound 6. 

15 Exampl e 17: Synthesis of 6-methvl-rytidlne ohnsphoramiriitft 

Triethylamine (13.4 ml. 100 mmol) was added dropwise to a stirred ice- 
cooled mixture of 1.2.4-triazole (6.22g. 90 mmol) and phosphorous 
oxychloride (1.89 ml, 20 mmol) in 50 ml of anhydrous acetonitrile. To the 
resulting suspension the solution of 2',3'.5'-tri.O-Benzoyl-6-methyl uridine 

20 (5.7g. 10 mmol) in 30 ml of acetonitrile was added dropwise and the reaction 
mixture was stin-ed for 4 hours at room temperature. Then it was concentrated 
in vacuo to minimal volume (not to dryness). The residue was dissolved in 
chlorofomi and washed with water, saturated aq sodium bicarbonate and 
brine. The organic layer was dried over sodium sulfate and the solvent was 

25 removed in vacuo. The residue was dissolved in 100 ml of 1.4-dloxane and 
treated with 50 mL of 29% aq NH4OH overnight The solvents were removed 
in vacuo. The residue was dissolved in the in the mixture of pyridine (60 mL) 
and methanol (10 mL), cooled to -150c and ice-cooled 2M aq solution of 
sodium hydroxide was added under stimng. The reaction mixture was stirred 

30 at -10 to .150c for additional 30 minutes and then neutralized to pH 7 with 
Oowex 50 (Py+). The resin was filtered off and washed with 200.mL of the 
mixture H2O - Py (4:1). The combined mother Hquor and washings were 
evaporated to dryness. The residue was crystallized from aq methanol to give 
1.6g (62%) of 6-methyl cytidine. 
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To the solution of 6-methyl cytidine (1.4g. 5.44 mmol) in dry pyridine 3.1 1 
mL of trimethylchlorosilane was added and the reaction mixture was stirred for 
2 hours at room temperature. Then acetic anhydride (0.51 mL, 5.44 mmol) 
was added and the reaction mbdure was stirred for additional 3 hours at room 
5 temperature. TLC showed disappearance of the starting rhaterial and the 
reaction was quenched with MeOH (20 mL). ice-cooled and treated with water 
(20 mL. 1 hour). The solvents wee removed in vacuo and the residue was 
dried by four coevaporatlons wtth dry pyridine. Finally it was redissolved in 
dry pyridine and dimethoxytrityl chloride (2.2 g. 6.52 mmol) was added. The 

1 0 reaction mixture was stirred overnight at room temperature and quenched with 
MeOH (20 mL). The solvents were rembved in vacuo. The remaining oil was 
dissolved in methylene chloride, washed with saturated sodium bicarbonate 
and brine. The organic layer was separated and evaporated and the residue 
was purified by flash chromatography on silica gel with the gradient of MeOH 

1 5 in methylene chloride (3% to 5%) to give 2.4 g (74%) of the compound (4 ). 

Example 18: Synthesis of 6-aza-uridine and S-aza-cytidint^ 

To the solution of B-aza uridine (5g. 20.39 mmol) in dry pyridine 
dimethoxytrityl chloride (8.29g, 24.47 mmol) was added and the reaction 
mixture was left overnight at room temperature. Then it was quenched with 

20 methanol (50 mL) and the solvents were removed in vacuo. The remaining oil 
was dissolved in methylene chloride and washed with saturated aq sodium 
bicarbonate and brine. The organic layer was separated and evaporated to 
dryness. The residue was additionally dried by multiple coevaporations with 
dry pyridine and finally dissolved in dry pyridine. Acetic anhydride (4.43 mL. 

25 46.7 mmol) was added to the above solution and the reaction mixture was left 
for 3 hours at room temperature. Then it was quenched with methanol and 
wori<ed-up as above. The residue was purified by flash chromatography on 
silics gel using mixture of 2% of MeOH in methylene chloride as an eluent to 
give 9.6g (75%) of the compound. 

30 Triethylamine (23.7 ml. 170.4 mmoQ was added dropwise to a stirred ice- 

cooled mixture of 1 .2.4-tria2ole (lO.Sg. 153.36 mmol) and phosphorous 
oxychloride (3.22 ml. 34.08 mmol) in 100 ml of anhydrous acetonitrile. To the 
resulting suspension the solution of 2'.3'-di-0-Acetyl-5'-0-Dimethoxytrityl-6- 
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aza Uridine (7.1 3g, 11.36 mmol) in 40 ml of acetonitrile was added dropwise 
and the reaction mixture was stin-ed for 6 hours at room temperature. Then it 
was concentrated in vacuo to minimal volume (not to dryness). The residue 
was dissolved in chloroform and washed with water, saturated aq sodium 
5 bicarbonate and brine. The organic layer was dried over sodium sulfate and 
the solvent was removed in vacuo. The residue was dissolved in 150 ml of 
1,4-dioxane and treated with 50 mL of 29% aq NH4OH for 20 hours at room 
temperature. The solvents were removed in vacuo. The residue was purified 
by flash chromatigraphy on silica gel using linear gradient of MeOH (4% to 
1 0 10%) in methylene chloride as an eluent to give S.lg (50%) of azacytidine. 

To the stirred solution of 5*-0-Dimethoxytrityl-6-a2a cytidine (3g. 5.53 
mmol) in anhydrous pyridine trimethylchloro silane (2.41 mL, 19 mmol) was 
added and the reaction mixture was left for 4 hours at room temperature. Then 
acetic anhydride (0,63 mL, 6.64 mmol) was added and the reaction mixture 

15 was stirred for additional 3 hours at room temperature. After that it was 
quenched with MeOH (15 mL) and the solvents were removed in vacuo. The 
residue was treated with 1M solution of tetrabutylammonium fluoride in THF 
(20^, 30 min) and evaporated to dryness.. The remaining oil was dissolved In 
methylene chloride, washed with saturated aq sodium bicarbonate and water. 

20 The separated organic layer was dried over sodium sulfate and evaporated to 
dryness. The residue was purified by flash chromatography on silica gel using 
4% MeOH in methylene chloride as an eluent to give 2.9g (89.8%) of the 
compound. 

General Procedure for the Introducing of the TBDMS-Group: To the 
25 stinted solution of the protected nucleoside in 50 mL of dry THF and pyridine (4 
eq) AgNOs (2.4 eq) was added. After 10 minutes tert-butyldimethylsilyl 
chloride (1.5 eq) was added and the reaction mixture was stirred at room 
temperature for 12 hours. The resulted suspension was filtered into 100 mL of 
5% aq NaHCOa. The solution was extracted with dichloromethane (2x100 

30 mL). The combined organic layer was washed with brine, dried over Na2S04 
and evaporated. The residue was purified by flash chromatography on silica 
gel with hexanes-ethylacetate (3:2) mixture as eluent. 
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General Procedure for Phosphitylation: To the ice-cooled stirred 
solution of protected nucleoside (1 mmol) in dry dichloromethane (20 mL) 
under argon blanket was added dropwise via syringe the premixed solution of 
N.N-dnsopropylethylamine (2.5eq) and 2-cyanoethyl N'N- 
5 dnsopropylchlorophosphoramidite (1.2 eq) in dichloromethane (3 mL) 
Simultaneously via another syringe N-methylimidazole (1 eq) was added and 
stimng was continued for 2 hours at room temperature. After that the reaction 
mixture was again ice-cooled and quenched with 15 ml of drymethanol After 
5 mm stirring, the mixture was concentrated in vacuo (<40OC) and purified by 
flash chromatography on silica gel using hexanes-ethylacetate mixture 
contained l-^ triethylamine as an eluent to give corresponding 
phosphoroamidite as white foam. 

Example 19; RNA rleavaoB ^ctivitv nf hha ny^ ^^ ..nh<:ti^ ,.t^^ c 
methvl-Uririina 

Hammerhead ribozymes targeted to site A (see Fig 31) were 
synthesized using solid-phase synthesis, as described above. U4 position 
was modified with 6-methyl-uridine. 

RNA Cifiavaqft ac sav in i/ff ry ; 

Substrate RNA is 5" end-labeled using [Y-32pj atp and T4 polynucleotide 
kinase (US Biochemicals). Cleavage reactions were carried cut under ribozyme 
excess- conditions. Trace amount (< 1 nM) of S' end-labeled substrate and 40 nM 
unlabeled ribozyme are denatured and renatured separately by heating to 90°C 
for 2 mm and snapK^oling on ice for 10-15 min. The ribozyme and substrate are 

and 10 mM MgClg. The reaction is initiated by mixing the ribozyme and substrate 
solutions and incubating at 37»C. Aliquots of 5 ^ are taken at regular inten^als of 
time and the reaction is quenched by mixing with equal volume of 2X fomiamide 
stop The samples are resolved on 20 % denaturing polyacrylamide gels 
The results are quantified and percentage of target RNA deaved is plotted as a 
«3U lunction of time. 



15 



20 
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Referring to Fig. 32. hammertiead ribozymes containing 6-methyl-uridine 
modification at U4 position cleave the target RNA efficiently. 
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Example 2Q: RNA deavaae activity of HHB ribo ^e suty^tlttitad wit^ ff , 

mgthyl'UrWiPg 

Hammerhead ribozymes targeted to site B (see Fig. 33) were synthesized 
using solid-phase synthesis, as described above. U4 and U7 positions were 
5 modified with 6-methyl-uridine. 

RNA cleavage reactions were earned out as described above. Referring to 
Fig. 34, hammerhead ribozymes containing 6-methyl-uridine ^modification at U4 
and U7 positions cleave the target RNA efficiently. 

Example 21: PNA cleavage activity of HHC riboTym g substituted with 
10 methvl-Uridine 

Hammerhead ribozymes targeted to site C (see Fig. 35) were synthesized 
using solid-phase synthesis, as described above. U4 and U7 positions were 
modified with 6-methyl-uridine. 

RNA cleavage reactions were earned out as described above. Referring to 
15 Fig, 36, hammerhead ribozymes containing 6-methyl-uridine modification at U4 
positions cleave the target RNA efficiently. 

Sequences listed in Figure 23, 31, 33. 35. and others and the modifications 
described in these figures are meant to be non-limiting examples. Those skilled in 
the art will recognize that variants (base-substitutions, deletions, insertions. 
20 mutations, chemical modifications) of the ribozyme and RNA containing other 2'- 
hydroxyl group modifications, including but not limited to amino acids, peptides 
and cholesterol, can be readily generated using techniques known in the art, and 
are within the scope of the present invention. 

Example 22: Inhibition of Rat smooth muscia cell proliferation by 6-methvi.U 
25 substituted ribozvme HHA. 

Hammerhead ribozyme (HHA) is targeted to a unique site (site A) within c- 
myb mRNA. Expression of c-myb protein has been shown to be essential for the 
proliferation of rat smooth muscle cell (Brown et aL, 1992 J. Biol, Chem. 267, 
4625). 
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The nbozymes that cleaved site A within cmyd RNA described above were 
assayed for their effect on smooth muscle cell proliferation. Rat vascular smooth 
muscle cells were isolated and cultured as described (Stinchcomb etal. supra) 
HHA nbozymes were complexad with lipids and delivered into rat smooth muscle 
5 cells. Serum-starved cells were stimulated as described by Stinchcomb et al 
supra. Briefly, serum-starved smooth muscle cells were washed twice with PBS 
and the RNA/iipid complex was added. The plates were incubated for 4 hours at 
aye. The medium was then removed and DMEM containing 1Q% FBS. additives 
and 10 nM bromodeoxyuridine (BrdU) was added. In some wells, FBS was 
10 omitted to detemiine the baseline of unstimulated proliferation. The plates were 
incubated at 37»C for 20-24 hours, fixed with 0.3% H2O2 in 100% methanol, and 
stained for BrdU Incorporation by standard methods. In this procedure, cells that 
have proliferated and incorporated BrdU stain brown; non-proliferating cells are 
counter-stained a light purple. Both BrdU positive and BrdU negative cells were 
1 5 counted under the microscope. 300-600 total cells per well were counted In the 
following experiments, the percentage of the total cells that have incorporated 
BrdU (% cell proliferation) is presented. En-ors represent the range of duplicate 
wells. Percent inhibition then is calculated from the % cell proliferation values as 
follows: % inhibition = 100 - 100 (Ribozyme - 0% 8erumy(Control - 0% serum). 

Referring to Figure 37. active ribozymes substituted with 6-methyl-U at 
position 4 of HHA were successful in inhibiting rat smooth muscle cell proliferation 
A catalytically inactive ribozyme (Inactive HHA). which has two base substitutions 
within the core (these mutations inactivate a hammerhead ribozyme; Stinchcomb 
etal., supra), does not significantly inhibit rat smooth muscle cell proliferation. 

Example 23: InhihItlOn of Stromelvsln nroduetion in >Tfp ,an svnoviflf fihrnhioct 
<?9ll8 bV 6-mftthvl-l I 58llhStltUtad rihnyyn^^ ^^f> 

Hammerhead ribozyme (HHC) is targeted to a unique site (site C) within 
stromelysin mRNA. 

The general assay was as described (Draper et al.. supra). Briefly 
fibroblasts, which produce stromelysin. are serum-starved ovemight and 
nbozymes or controls are offered to the cells the next day. Cells were 
maintained in serum-free media. The ribozyme were applied to the cells as 
free ribozyme. or in association with various delivery vehicles such as cationic 
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lipids (including TransfectamTw, LipofectinTw and LipofectamitieTM). 
conventional liposomes, non-phospholipid liposomes or biodegradable 
polymers. At the time of ribozyme addition, or up to 3 hours later. Interleukin- 
1a (typically 20 units/ml) can be added to the cells to induce a large increase 
in stromelysin expression. The production of stromelysin <:an then be 
monitored over a time course, usually up to 24 hours. 

Supematants were harvested 16 hours after IL-1 induction and assayed 
for stromelysin expression by EUSA. Polyclonal antibody against Matrix 
Metalloproteinase 3 (Biogenesis. NH) was used as the detecting antibody and 
anti-stromelysin monoclonal antibody was used as the capturing antibody in 
the sandwich EUSA (Maniatis et al., supra) to measure stromelysin 
expression. 

Referring to Figure 38. HHC ribozyme containing 6-methyl-U 
modification, caused a significant reduction in the level of stromelysin protein 
1 5 production. Catalytically inactive HHC had no significant effect on the protein 
level. 

Example 24: sSvnthesis of pvridi n-2f4^-onR nucleoside .r-nhosohoramirtitflc 

General propedura for the preparation of V f2 a.fi.tri.(7.ben2Qvl.p.n. 
ribofuranosvn-2f4UnvririnnAs (3\ and ( 9) 

20 Referring to Figure 39, 2- or 4-hydroxypyridine (1) or (8) (2.09 g, 22 

mmol), 1-aacetyl-2.3,5-tri-0-benzoyl-fi-D-ribofuranose (2) (10.08 g. 20 mmol) 
and BSA (5.5 ml, 22 mmol) were dissolved in diy acetonitrile (100 ml) under 
argon at 70«C (oil bath) and the mixture stin-ed for 10 min. Trimethylsilyl 
trifluoromethanesulfonate (TMSTH) ( 5.5 ml. 28.5 nimol) was added and the 

25 mixture was stin-ed for an additional hour for 1 or four hours for 8. The mixture 
was then cooled to room temperature (RT) followed by dilution, with CHCI3 
(200 ml), and extraction, with sat. aq. NaHCOa solution. The organic layer 

was washed with brine, dried (Na2S04) and evaporated to dryness in vacuo. 
The residue was chromatographed on the column of silica gel: 1-5% gradient 
30 of methanol in dichloromethane was used for purification of 3 (98% yield) and 
2-10% gradient of methanol in dichloromethane for purification of 9 (84% 
yield). 
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1-(B-D-Ribofurannffvl >.2MWovridQnes M) anri f^ ff) 

3 or 9 (18 mmol) was dissolved in 0.3M NaOCHa (150 ml) and the 
solution was stirred at RT for 1 hour. The mixture was then neutralized, with 
Dowex 50WX8 (Py+), the ion-exchanger was filtered off and the filtrate was 

5 concentrated to a syrup in vacuo. The residue was dissolved in water (1 00 ml) 
and the solution was washed with chlorofomi (2 x 50 ml) and ether (2 x50 ml). 
The aqueous layer was evaporated to diyness and the residue was then 
crystallized from ethyl acetate (3.9 g, 91% 4; Niedballa et al.. Nucleic Acid 
Ctiemistry, Part 1, Townsend. LB. and Tipson. R.S., Ed.; J. Wiley & Sons, Inc.; 
10 New York. 1978. p 481-484); 10 (Niedballa and Vorbruggen. J. Org. Cliem. 
1974, 39. 3668-3671) was crystallized from ethanol (3.6 g. 84%). 

1-(2-0-TBDMSi-5-0-DMT.R.D.rihn furanQSYl)-Pfil).DvridQnRs 

4 or 10 was 5'-0-dimethoxytritylated according to the standard, 
procedure (see Oligonucleotide Synthesis: A Practical Approach. M.J. Gait 

15 Ed.; IRL Press. Oxford. 1984. p 27) to yield 5 in 76% yield and pyridin-4-one 
derivative in 67% yield in the form of yellowish foams after silica gel column 
chromatography (0.5-10% gradient of methanol in dichloromethane). These 
compounds were treated with f-butyldimethylsilyl chloride under the conditions 
described by Hakimelahl etai.. Can. J. Chem. 1982. 60, 1106-1113, and the 

20 reaction mixtures were purified by the silica gel column chromatography (20- 
50% gradient of ethyl acetate in hexanes) to enable faster moving 2'-0- 
TBDMSi isomers (68.5% and 55%. respectively) as coloriess foams. 

1 -r2-C>-f-Butvldimethvlsilvl-5-0.dimflt hoxviritvi.a.n.fg.^anflpthwi. A/ a/. 

diisooroDVlDhosDhoramMitB|.2f4VDVridQnft ^ (Ti and 

!5 1-(2-0-TBDMS-5-O.DMT.p.D-rjbofuranosyl)-2(4)-pyridones were 

phosphitylated under conditions described by TuschI et al.. Biochemistry 1993. 
32. 11658-11668. and the products were isolated by silica gel column 
chromatography using 15-50% gradient of ethyl acetate in hexanes (1% EtaN) for 
7 (89% yield) and dichloromethane (1% EtaN) for 11 (94% yield). 

10 Phosphoramidites 7 and 11 were incorporated into ribozymes and 

substrates using the method of synthesis, deprotection. purification and testing 
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previously described (WIncott et al., 1995 supra). The average stepwise 
coupling yields were -98 %. 

Example 25: Svnthesis of ?-0-f -Butvldimethvlsilvl-5-0-dimethbx\/tritvl-3.p . (; ?. 
cvanoathyl-/V./tf-diisoDropylp hosDhoramidite)-1-deQxv-1-Dhenvl-p -p. 
5 ribofuranose i«\ Dhosphofamirij^ft^ 

5-Q-f-Butvldiphenvlsilvl-ga.O-isoDrQpylid ane-1-deQxv.1-phflnYl-p-p. 
ribofuranose f3) 

Referring to Figure 40, compound 3 was prepared using the procedure 
analogous to that described by Czemecki and Ville. J. Org. Chem. 1989. 54. 610- 
10 612. Contrary to their result, we succeeded in obtaining the title compound, by 
using the more acid resistant f-butyldiphenylsilyl group for 5-O-protection. instead 
of f-butyidimethylsliyl. 

1 -Deoxv-1 -Dhenvl-p~D-ribofuranose (S) 

Compound 3 (1 g. 2.05 mmol) was dissolved in THF (20 ml) and the solution 
1 5 was mixed with 1 M TBAF in THF (3 ml. 3 mmol). The reaction mixture was stirred 
at RT for 30 min followed by evaporation into a symp. The residue was applied on 
to a silica gel column and eluted with hexanes followed by 5-70% gradient of 
ethyl acetate in hexanes. The 5-O-desilylated product was obtained as a coloriess 
foam (0.62 g. 88% yield). This material was dissolved in 70% acetic acid and 
20 heated at lOO^C (oil bath) for 30 min. Evaporation to dryness under reduced 
pressure and crystallization of the residual syoip from toluene resulted in 5 (0.49 
g. 94% yield), mp 120-121''C. 

2-Of-ButvldimethvlsiM.5.0^imflth nxvtritvU1 .dflnxv-l .ohenvi.p.n. 
ribofuranosa (7) 

25 Compound 5 (770 mg. 3.66 mmol) was 5-O-dimethoxytritylated according to 

the standard procedure (Oligonucleotide Synthesis: A Practical Approach, M.J. 
Gait Ed.: IRL Press. Oxford. 1984, p 27) to yield 1.4 g (75% yield) of 5-0- 
dlmethoxytrltyl derivative as a yellowish foam, following silica gel column 
chromatography (0.5-2% gradient of methanol in dichloromethane). This material 

30 was treated with f-butyidimethylsilyl chloride under the conditions described by 
Hakimelahi et at., Can. J. Chem. 1982. 60. 1106-1113, and the reaction mixture 
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was purified by silica gel column chromatography (2-10% gradient of ethyl 
acetate in hexanes) to afford a slower moving 2'-0-TBDMSi isomer 7 (0.6 g. 35% 
yield) as a colorless foam. The faster migrating 3'-0-TBDMSi isomer 6 was also 
isolated (0.55 g, 32% yield). 

5 2-0^^gutvldimethv^sllvl-5-OdimethQxvt^itvl .^■0.r2-cvannflthv^./^/ ,^. 
diisOProPvlphoSDhoramiditaUl -rieoxv-l -phfln y|.B-D-ribnfi iranr^ go {f] 

Compound 7 (0.87 g, 1.39 mmol) was phosphitylated under conditions 
described by TuschI et al., supra and the product was isolated by silica gel 
column chromatography using 0.5% ethyl acetate In toluene (1% EtsN) for elution 
1 0 (0.85 g, 74% yield). 

Example 26: Synthesis of psaudouridinfi S-methylnridine and i> ,4, ^ - 
trimethox v benzene nucleoside ohosohoramidites . 

Starting with a pseudo uridine, 3-methyluridine or 2.4,6-trimethoxy benzene 
nucleoside (Gasparutto et al.. Nucleic Acid Res. 1992 20. 5159-5166; Kalvoda 
1 5 and Faricas, Nucleic Acid Chemistry, Part 1 . Townsend. LB. and Tipson, R.S.. Ed.; 
J. Wil( ; i: Sons, Inc.; New York, 1978, p 481-484). phosphoramidites can be 
prepared by standard protocols described below (Figure 41). 

General Procedure for the Introducing of the TBDMS-Group: To the stirred 
solution of the protected nucleoside in 50 mL of dry THF and pyridine (4 eq) 
AgNOa (2.4 eq) was added. After 10 minutes tert-butyldimethylsilyl chloride (1.5 
eq) was added and the reaction mixture was stirred at room temperature for 12 
hours. The resulted suspension was filtered into 100 mL of 5% aq NaHCOs. The 
solution was extracted with dichloromethane (2x100 mL). The combined organic 
layer was washed with brine, dried over Na2S04 and evaporated. The residue 
was purified by flash chromatography on silica gel with hexanes-ethylacetate (3:2) 
mixture as eiuent. 

General Procedure for Phosphitylatlon: To the Ice-cooled stirred solution of 

protected nucleoside (1 mmol) in dry dichloromethane (20 mL) under argon 
blanket was added dropwise via syringe the premixed solution of N,N- 
30 diisopropylethylamine (2.Seq) and 2-cyanoethyl N'N- 
diisopropylchlorophosphoramidite (1.2 eq) in dichloromethane (3 mL). 
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Simultaneously via another syringe N-methylimidazole (1 eq) was added and 
stirring was continued for 2 hours at room temperature. After that the reaction 
mixture was again ice-cooled and quenched with 15 ml of dry methanol. After 5 
min stirring, the mixture was concentrated in vacuo (<40OC) and purified by flash 
5 chromatography on silica gel using hexanes-ethylacetate mixture contained 1% 
triethylamine as an eluent to give corresponding phosphoroamidite as white 
foam. 

Pseudourldine. 3-methyluridine or 2.4.6-trimethoxy benzene 
phosphoramidites were incorporated into rilwzymes using solid phase synthesis 
10 as described by WIncott ef a/.. .1995 supra. The ribozymes were deprotected using 
the standard protocol described above with the exception of ribozymes with 
pseudourldine. Pseudouridine-modified ribozymes were deprotected first by 
incubation at room temperature, instead of at 55»C. for 24 hours in a mixture of 
ethanolic ammonia (3:1). 

15 Examole 27: Svnthe.sis nf dihvdrotjrirlin e DhosDhnrafp iriitoc 

Referring to Figure 42. dihydrouridine phosphoramidite was synthesized 
based on the method described in Chaix ef al., 1989 Nucleic Add Res. 17. 7381- 
7393 with certain improvements: 

i. Uridine (1; lOg. 41mmoles) was dissolved in 200 ml distilled water and to 
20 the solution 2g of Rh (10% on alumina) was added. The slurry was brought to 60 
psi of hydrogen, and hydrogenation was continued for iShrs. Reaction was 
monitored by disappearance of UV absortjing material. All of starting material was 
converted to dihdrouridine (DHU) and tetrahydrouridine (2:1 based on NMR). 
Tetrahydrouridine was not removed at this step. 

25 il. Dihydrouridine (2; lOg. 41mmoles) was dissolved in 400ml dry pyridine; 

dimethylaminopyridlne (0.244g.2mmoles). triethylamine (7.93ml. 56mmoles). and 
dimethoxytrityichloride (I6.3g, 48mmoles) were added and stirred under argon 
overnight. The reaction was quenched with 50ml methanol, extracted with 400ml 
5% sodium bicarbonate, and then 4G0ml brine. The organic phase was dried over 

30 sodium sulphate, filtered, and then dried to a foam. 5'-DMT-DHU (3) was purified 
by silica gel chromatography (dichloromethane with 0.5-5% gradient of methanol; 
final yield = 9g; 16.4mmoles). 
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ill. 5-DMT-DHU (3; 9.0g, 16.4mmoles) was dissolved in 150ml dry THF. 
Pyridine (4.9fnl, 60mmoles) and silver nitrate (3.35g, ig.7mmoles) were added at 
room temperature and stirred under argon for lOmin.. then tert.- 
butyldimethylsilylchloride (tBDMS-CI; 3.0g, 19.7mmoles) was added and the slurry 

5 was stinted under argon overnight. The reaction was filtered over celite into 500ml 
aqueous 5% sodium bicarbonate and then extracted with 200ml chloroform. The 
organic phase was washed with 250ml brine, dried over sodium sulfate, and then 
evaporated to a yellow foam. 2 -tBDMS, 5'-DMT-0HU (5) was purified by silica gel 
chromatography away from the 3-tBDMS. 5*-DMT-DHU (4) (hexanes with 10-50% 

10 gradient ether; final yield s 5.1 g; 7.7mmoles), dried over sodium sulfate, filtered, 
and then dried to a white powder. The product was kept under high vacuum for 
48hrs. 

Iv. 5*-DMT, 2MBDMS-DHU (5; 2.10g, 3.17mmoles) was dissolved in 40mi 
anhydrous dichloromethane. NN-dimethylaminopyridine (2.21ml, 12.7mmoles), N- 

15 methylimidizole (1.27ml, 1.59mmoles). and chloro-diisopropyi- 
cyanoethylphosphoramidite (1.2ml. 5.22mmoles) were added and the reaction 
was stirred under arr >n for 3hrs. The reaction was quenched with 4ml anhydrous 
methanol and then 'aporated to an oil. Final product (6) was purified by silica 
gel chromatography (dichloromethane with 0-1% ethanoi: 1% triethyiamine; final 

20 yield = 2.2g; 2.Smmoles). 

The dihydrouridine was incorporated into ribozymes using solid phase 
synthesis as described by Wincott et aL, 1995 supra, with improvements- 
nuceloside-oxalyl*polystyrene derivatized support (Alul et aL Nucleic Acids Res .. 
1991. 19, 1527-1532) was used. The ribozyme containing the dihydrouridine 
25 substitution was deprotected using 30% methyl amine in anhydrous ethanoi for 15 
min. at room temperature and subsequent treatment with ferr-butyl-ammonium 
fluoride in anhydrous THF for 24 hrs. at room temperature. 

Example 28: Synthesis of 2>0-^Butyldimethvlsi!vl-5-Odtmethoxvtritvl-3-Q-f2- 

cvanoethvl-A/.A/-diisoDrQDvlDhosohoramiditeV1-deoxv-1-naDhthvl-6-D- 
30 ribofuranose (7) ohosDhoramidrtes 

1 'Deoxy«1 -naphthyl-P'D'ribofuranose (4^ 
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Referring to Figure 45. the title compound was synthesized from 
naphthalene 1 and tetra-O-acetyl-3-D-ribofuranose 2 according to the 
procedure of Ohrui etaLAgr. Biol. Chem. 1972. 36, 1651-1653. 

2-0-f-Butvldlmethvtsilvl.5.n.dimPthoxvtrityl.a.<^( g.cvanQ6thvi.A/ , /m 
5 <<iiSQPrQPVlnhOSPhoramiditeM-daQxv.1. naDhthyl.p.n.ribofurannsA (7) 

7 was synthesized in three steps from 4: a) 5'-0-dimethoxytritylation using 
4.4'-dimethoxytrityl triflate , followed by chromatographic separation of a and p 
anomer. respectively; b) 2'-0-sllyiation was carried out as described by 
Hakimelahi et at.. 1982 supra (32% yield); c) 3'.0-phosphitylation was carried 
1 0 out essentially as described by TuschI et al., 1 993 supra (85% yield). 

This phosphoramidite is incorporated into ribozymes using solid phase 
synthesis as described by Wincott et al., 1995 supra.. The ribozyme containing 
naphthyl substitution was deprotected using the standard protocol described 
above. 

■•5 Example 29: Synthesis of ?-0-/-Butvlriimethvlsilvl.'^.n.Dimethn>vtrityi.?^-n.(0. 

'ifigthvl-/V.A/-diisODrQDVlPhosnhoramiditP\.l. D6oxv.lWn-AminQohenvlUp. 
D-HibofLiranns«? phosohoramiditfl$ 

$-C>-f-Butvldinhflnvl.silvl-2.3.0-isnproDvlidBnft.i. d6Qxv-1.fn.hromophenYl).p . 
D-ribofurannsft Q) 

20 Referring to Figure 46, 3 was prepared from 4-bromo-1-lithiobenzene 

and f-butyldiphenylsilyl-2.3-0-isopropylidene-D-ribono-1.4.|actone using the 
procedure analogous to that described by Czemecki and Ville, J. Org. Ctiem. 
1989, 54. 610-612. Contrary to their result, we succeeded in obtaining the 
title compound, by using instead of ^buty(dimethylsilyl the more add resistant 

25 f-butyldiphenylsllyl group for S-Oprotection. 

5-C?-f-PutYldinhffnvlf?iM-2.3-0-i.sooroDvlidPnP. 1 -deoxv-l -fp-ftminoDhflnyn-p . 
D-ribofuranQ«^fy fg) 

Compound 3 was amjnated using liquid ammonia and Cul as described 
by PiccirilH et al. Helv. Chim. vAcfa 1991. 74. 397-406 to give the title 
30 compound in 63% yield. 
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5-0-f-Butvldinhenvlsilvl.p,r^.0.isoDropylidp ne-1.HA>>^Y'1'fP-fN-TFA^ = 
aminoDhenvl].p. p.riboftirannsfl (g) 

5 (1.2 g. 2.88 mmol) in dry pyridine (20 ml) was treated with 
trifluoroacetic anhydride (0.5 ml, 3.6 mmol) for 1 hour at 0 'C. The reaction 
mixture was then quenched with methanol (5 ml) and evaporated to a syrup. 
The syrup was partitioned between 5% aq. NaHCOa and dichloromethane! 
organic layer was dried (Na2S04) and evaporated to dryness under reduced 
pressure. This material was used without further purification in'the next step. 

1 -Peoxv-1 •rp-(N-TFA^aminQnhflnY l1-6.D.rihnfi iff ip^^^o f7) 

The title compound was prepared from 6 In an identical manner as for 
the synthesis of deblocked phenyl analog; (82% overall yield for 5'-0- 
desilylation and the cleavage of 2'.3'-0-isopropylidene group). 

2-C?-f-PMtvidimethvlsilvl-5-0-dimethnyvt ritvl-3-0./9.rvqnoethvl-A/A/L 
diisopropvlphosnhoramidite^.i.dflnyy .i.fp.rN-TFA^ aminoDhPnyiyp-n. 
15 ribofuranose MO) 

Using the same three • ; sequence as for the phenyl analog, 10 was 
prepared from 7 In 32% overall yield. 

This phosphoramldite is incorporated into ribozymes using solid phase 
synthesis as described by Wincott et al.. 1995 supra. The ribozyme containing 
aminophenyl substitution was deprotected using the standard protocol described 
above. 

fi?campl9 30; RNA (^leavflnp reactions catalyzed bv hh.r c..hcfjt , rt o> ^ . ^.-^ ^ 
modified hasffff 

Hammerhead ribozymes targeted to site B (see Fig. 43A) were synthesized 
using solid-phase synthesis, as described above. U4 and U7 positions were 
substituted with various base-modifications shown In Figure 43B. 

RNA cleavage reactions were carried out as described above. Referring to 
Fig. 43B. hammerhead ribozymes containing base modifications at positions 4 or 
7 cleave the target RNA to varying degrees of efficiency. Some of the base 
modifications at position 7 appear to enhance the catalytic efficiency of the 
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hammerhead ribozymes compared to a standard base at that position (see Figure 
43B. pyridin-4-one. phenyl and 3-methyl U modifications). 

HH-B ribozymes with either pyridin-4-one or phenyl substitution at position 7 
were further characterized (Figure 44). It appears that HH-B ribozyme with pyrldin- 
5 4-one modification at position 7 cleaves RNA with a 10 fold higher kcat when 
compared to a ribozyme with a U at position 7 (compare Figure 44 A with 44 B). 
HH-B ribozyme with a phenyl group at position 7 cleaves RNA with a 3 fold higher 
kcat when compared to a hammertnead ribozyme with U at position 7 (see Fiqure 
44C). 

10 Sequences listed In Figure 23. 31. 33. 35. 43 and the modifications 

described in these figures are meant to be non-limiting examples. Those skilled in 
the art will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing other 2*- 
hydroxyl group modifications, including but not limited to amino acids, peptides 

1 5 and cholesterol, can be readily generated using techniques known in the art. and 
are within the scope of the present invention. 

.Example 31-. 2'deoxv-2'-alkvlnucleQtidfts 

Table D2 is a summary of specified catalytic parameters (tA and ts) on 
short substrates in vitro, and stabilities of the noted modified catalytic nucleic 
20 acids in human serum. U4 and U7 refer to the uracil bases noted in Rgure 1. 
Modifications at the 2'-position are shown in the table. 
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Table D2 

Entry Modification ti/2 (m) ti/2 (m) p = ts/tA 

Activity Stability 

(tA) (ts) 



1 .U4&U7sU 

2 U4&U7»2'-OIUIe-U 

3 U4 = 2'=CH2-U 

4 U7 = 2'=CH2-U 

5 U4 & U7 = 2*=CH2-U 

6 U4 = 2'=CF2-U 

7 U7 = 2'=CF2-U 

8 U4 & U7 = 2"=CF2-U 

9 U4 = 2'-F-U 

10 U7 = 2'-F-U 

11 U4 & U7 = 2'-F-U 

12 U4 = 2'-C-Allyl-U 

13 U7 = 2'-C-Ally|.U 

14 U4 & U7 = 2*-C-Allyl-U 

15 U4 = 2'-araF-U 

16 U7 = 2'-araF-U 

17 U4 & U7 = 2'-araF«U 

18 U4».2'-NH2-U 

19 U7 = 2'-NH2-U 

20 U4 & U7 = 2*-NH2-U 

21 U4 = dU 

22 U4 & U7 = dU 



1 0.1 1 

4 260 ' 650 

6.5 120 180 

8 260 350 

9.5 120 130 

5 320 640 
4 220 550 
20 320 160 

4 320 800 

Q • 400 500 

4 300 750 

3 >500 >1700 

3 220 730 

3 120 400 

5 >500 >1000 

4 350 875 
15 500 330 

10 500 500 

5 500 1000 

2 300 1500 

6 100 170 
4 240 600 
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Figure 47 shows base numbering of a hammerhead motif in Which the 
numbering of various nucleotides in a hammerhead ribozyme is provided. 
Referring to Figure 47. the preferred sequence of a hammerhead ribozyme in 
a 5*- to 3'-direction of the catalytic core is CUGANGAG(base paired 
5 withJCGAAA. In this invention, the use of 2*-C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in -Figure 48 are 
possible, and were indeed synthesized, the basic structure composed of 
10 primarily 2*-0-Me nucleotides with selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et ai BiQchemistry'\992, 31, 5005- 
5009 and Paolella et al. EW80 J. 1992. 11, 1913-1919) and ease of 
synthesis, but is not limiting to this invention. 

Ribozymes from Figure 47 and Table D2 were synthesized and assayed 
15 for catalytic activity and nuclease resistance. With the exception of entries 8 
and 17. all of the modified ribozymes retained at least 1/10 of the wild-type 
catalytic activity. From Table D2, all 2'-modified ribozymes showed very large 
and significant increas : in stability in human serum (shown) and in the other 
fluids described below (Example 3. data not shown). The order of most 
20 aggressive nuclease activity was fetal bovine semm > human senjm > human 
plasma > human synovial fluid. As an overall measure of the effect of these 2'- 
substitutions on stability and activity, a ratio (3 was calculated (Table D2), This 
P value indicated that all modified ribozymes tested had significant, >100 - 
>1700 fold, increases in overall stability and activity. These increases in p 
25 indicate that the lifetime of these modified ribozymes in vivo are significantly 
increased which should lead to a more pronounced biological effect. 

More general substitutions of the 2'-modified nucleotides from Figure 48 
also increased the U/2 of the resulting modified ribozymes. However the 
catalytic activity of these ribozymes was decreased > 10-fold. 

30 In Figure 53 compound 37 may be used as a general intermediate to 

prepare derivatized 2'-C-alkyt phosphoramidites. where X is CH3, or an alkyl. 
or other group described above. 
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The following are other non-limiting examples showing the synthesis of 
nucleic acids using 2'-C-alkyl substituted phosphoramidites, the syntheses of 
the amidites. their testing for enzymatic activity and nuclease resistance. 
These examples are diagrammed in Figs 48-54. 

5 Example 32: Synthesis of Hammerh ead Ribozymes Containing 2^-D6Qxy>2'- 
Afkylnucleotides & Other 2'-Modified Nucleotides 

The method of synthesis used generally follows the procedure for normal 
RNA synthesis as described in Usman.N.; OgiIvie,K.K.; Jiang, M.-Y.; 
Cedergren.RJ. J. Am, Chem. Soc. 1987, 109, 7845-7854 and in 

10 Scaringe.S.A.: Franklyn.C; Usman.N. Nucleic Acids Res. 1990. 16, 5433- 
5441 and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5'-end. and phosphoramidites at the 3-end 
(compounds 10, 12, 17, 22, 31, 18. 26. 32. 36 and 38). Other 2'-modified 
phosphoramidites were prepared according to: 3 & 4, Eckstein et aL 

1 5 International Publication No. WO 92/07065; and 5 Kois et aL Nucleosides & 
Nucleotides 12, 1093-1109. The average stepwise coupling yields 

were -98%. The 2'-substituted phosphoramidite> wore incorporated into 
hammerhead ribozymes as shown in Figure 5. However, these 2'-alkyl 
substituted phosphoramidites may be incorporated not only into hammerhead 

20 ribozymes. but also into hairpin, hepatitis delta virus. Group i or Group li intron 
catalytic nucleic acids, or into antisense oligonucleotides. They are. therefore, 
of general use in any nucleic acid sitructure. 

Examoie 33: Rlbozvme Activitv Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'-end 
25 labeled ribozymes (-Se-mers) were both heated to 95 ^C. quenched on ice 
and equilibrated at 37 ^'C. separately. Ribozyme stock solutions were 1 mM, 
200 nM, 40 nM or 8 nM and the final substrate RNA concentrations were - 1 
nM. Total reaction volumes were 50 mL The assay buffer was 50 mM Tris-CI. 
pH 7.5 and 10 mM MgCIa- Reactions were initiated by mixing substrate and 
30 ribozyme solutions at t = 0. Aliquots of 5 mL were removed at time points of 1 , 
5, 15, 30, 60 and 120 m. Each time point was quenched in formamide loading 
buffer and loaded onto a 15% denaturing polyacrylamide gel for analysis. 
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10 



Quantitative analyses were performed using a phosphorimager (IWolecular 
Dynamics). 

Example 34- < 3tabilih/ A^ff fl y 

500 pmol of gel-purified 5'-end-labeled ribozymes were precipitated in 
ethanol and pelleted by centrifugation. Each pellet was resuspended in 20 
mL of appropriate fluid (human serum, human plasma, human synovial fluid or 
fetal bovine serum) by vortexing for 20 s at room temperature: The samples 
were placed into a 37 "C incubator and 2 mL aliquots were withdrawn after 
incubation for 0. 15, 30. 45. 60. 120. 240 and 480 m. Aliquots were added to 
20 mL of a solution containing 95% fomiamide and 0.5X TBE (50 mM Tris 50 
mM borate. 1 mM EDTA) to quench further nuclease activity and the samples 
were frozen until loading onto gels. Ribozymes were size-fractionated by 
electrophoresis in 20% acrylamide/8M urea gels. The amount of intact 
nbozyme at each time point was quantified by scanning the bands with a 
phosphorimager (Molecular Dynamics) and the half-life of each ribozyme in 
the fluids was detennined by plotting the percent intact ribozyme vs the time of 
incubation and extrapolation from t^.; graph. 

■ Example 35: 3" 5--0-rrf>traisopronvl-disiloxanft.i ■'^■HiYiV 2'-OLPhpnnyvthin. 
carbonvl-Uridiqfl (7) 

To a stirred solution of 3'.5'-0-{tetraisopropyl-disiloxane-1.3-diyl).uridine. 
6. (15.1 g. 31 mmol. synthesized according to Nucleic Acid Chemistry, ed 
Leroy Townsend. 1986 pp. 229-231) and dimethylaminopyridine (7.57 g. 62 
mmol) a solution of phenylchlorothionoformate (5.15 mL. 37.2 mmol) in 50 mL 
of acetonltrile was added dropwise and the reaction stirred for 8 h. TLC 
(EtOAc:hexanes / 1:1) showed disappearance of the starting material. The 
reaction mixture was evaporated, the residue dissolved in chloroform, washed 
with water and brine, the organic layer was dried over sodium sulfate, filtered 
and evaporated to dryness. The residue was purified by flash 
Chromatography on silica gel with EtOAc.hexanes / 2:1 as eluent to qive 16 44 
30 g (85%) of 7. ^ 



15 



20 



25 
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Example 36: 3'.5'>Q-nretraisoDroDvl>disilQyAqff>-|, 3>divn-2'>C-Allyl >Uridinft fff ) 

To a refluxing, under argon, solution of 3\5'-0-(tetraisopropy|.disiloxane- 
1,3-diyl)-2*-0-phenoxythiocarbonyl-urldine, 7. (5 g, 8.03 mmol) and 
allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide (0.5 g) 
5 was added portlonwise during 1 h. The resulting mixture was allowed to reflux 
under argon for an additional 7-8 h. Thie reaction was then evaporated and 
the product 8 purified by flash chromatography on silica gel with 
EtOAcrhexanes / 1 :3 as eluent. Yield 2.82 g (68.7%). 

Example 37: 5'-Q-DtmQthQxvtrit vl>2'>C-AIM-Uridinfl (Q) 

10 A solution of 8 (1.25 g, 2.45 mmol) in 10 mL of dry tetrahydrofuran (THF) 

was treated with a 1 M solution of tetrabutylammoniumfiuoride in THF (3.7 mL) 
for 10 m at room temperature. The resulting mixture was evaporated, the 
residue was loaded onto a silica gel column, washed with 1 L of chloroform, 
and the desired deprotected compound was eluted with chlorofonmimethanol / 

15 9:1. Appropriate fractions were combined, solvents removed by evaporation, 
and the residue was dried by . coevaporation with dry pyridine. The oily 
residue was redissolved in dry pyridine, dimethoxytritylchloridf ;1.2 eq) was 
added and the reaction mixture was left under anhydrous conditions 
overnight. The reaction was quenched with methanol (20 mL), evaporated. 

20 dissolved in chloroform, washed with 5% aq, sodium bicarbonate and brine. 
The organic layer was dried over sodium sulfate and evaporated. The residue 
was purified by flash chromatography on silica gel, EtOAcrhexanes / 1:1 as 
eluent, to give 0.85 g (57%) of 9 as a white foam. 

Example 38: 5'-0-nimQthoxvtritvU2'-C>AIM>Uri dine 3'-f2-Cvanoethvl N.N^ 
25 diisooropvlDhosDhoramidlte) (10) 

5'-0-Dimethoxytrityl-2*-C-allyl-uridine (0.64 g, 1.12 mmol) was dissolved 
in dry dichloromethane under dry argon. A/,A/-Diisopropylethylamine (0.39 mL, 
2.24 mmol) was added and the solution was ice-cooled. 2-Cyanoethyl /V,/V-di- 
isopropylchlorophosphoramidite (0.35 mL, 1 .57 mmol) was added dropwise to 
30 the stirred reaction solution and stirring was continued for 2 h at RT, The 
reaction mixture was then ice-cooled and quenched with 12 mL of dry 
methanol. After stirring for 5 m. the mixture was concentrated in vacuo (40 °C) 
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and purified by flash chromatography on silica gel using a gradient of 10-60% 
EtOAc in hexanes containing 1% triethylamine mixture as eluent. Yield: 0.78 g 
(90%), white foam. 

Exaniple 39: 3'.y-0-fTetraisoDfODvl-disiloxanfl.i .3.divh.3'.n.Aiiy|./vM.A ,^^j^ 
5 Cvtidine M1) 

Triethylamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 
ice-cooled mixture of 1 .2.4-triazole (5.66 g. 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.11 mmol) in 50 mL of anhydrous acetonitrile. To the 
resulting suspension a solution of 3*.5'-0-(tetraisopropyl-disiloxane-l.3-diyl)- 
10 2'-C-allyl uridine (2.32 g. 4.55 mmol) in 30 mL of acetonitrile was added 
dropwise and the reaction mixture was stirred for 4 h at room temperature. 
The reaction was concentrated in vacuo to a minimal volume (not to dryness). 
The residue was dissolved in chlorofonn and washed with water, saturated aq. 
sodium bicarbonate and brine. The organic layer was dried over sodium 

15 sulfate and the solvent was removed in vacuo. The resulting foam was 
dissolved in 50 mL of 1.4-dioxane and treated with 29% aq. NH4OH overnight 
at room temperature. TLC (chlorofonn:methanol / 9:1) showed complete 
conversion of the starting material. The soi^jtion was evaporated, dried by 
coevaporation with anhydrous pyridine and acetylated with acetic anhydride 

20 (0.52 mL, 5.46 mmol) in pyridine overnight. The reaction mixture was 
quenched with methanol, evaporated, the residue was dissolved in 
chloroform, washed with sodium bicarbonate and brine. The organic layer 
was dried over sodium sulfate, evaporated to dryness and purified by flash 
chromatography on silica gel (3% MeOH In chlorofonn). Yield 2.3 g (90%) as 

25 a white foam. 

Example 40: S'-O-nimethoxvtritvl. y.C-Allvl./^.Acetvl -Cvtidine 

This compound was obtained analogously to the uridine derivative 9 in 
55% yield. 
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Example 41: 5^0-Dimethoxvtrit vl>2^(:^ailyl-AA>Acetvl-Cvtidine 3''(2-Cy f^nn. 
ethyl A/./V-diisopropylphosphoramidite^ 

2*-0-Dimethoxytrityl-2'-C-allyl-w4.acetyl cytidine (0,8 g, 1,31 mmol) was 
dissolved in dry dichloromethane under argon. A/,A/-Diisopropylethylamine 
5 (0.46 mL. 2.62 mmol) was added and thd solution was ice-cooled. 2- 
Cyanoethyl A/./V-diisopropylchlorophosphoramidite (0,38 mL. 1.7 mmol) was 
added dropwise to a stirred reaction solution and stirring was Qontinued for 2 h 
at room temperature. The reaction mixture was then ice-cooled and quenched 
with 12 mL of dry methanol. After stirring for 5 m, the mixture was 
10 concentrated in vacuo (40 X) and purified by flash chromatography on silica 
gel using chloroformrethanol / 98:2 with 2% triethylamine mixture as eluent. 
Yield: 0.91 g (85%). white foam. 

Example 42: 2'«Deoxy-2'>Methvlene-Uridine 

2'-Deoxy-2'-methylene-3\5*-0-(tetraisopropyldisiloxane-1,3-diyl)-uridine 
.15 14 (Hansske.F.; Madej.D.; Robins.M. J, Tetrahedron 1984. 40, 125 and 
Matsuda.A.; Takenuki.K.; Tanaka.S.; Sasaki.T.; Ueda.T. J. Med. Chem. 
34, 812) (2.2 g, 4,55 mmol ) dissolved in THF (20 mL) was treated with i M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on a silica gel column. 
20 2'-Deoxy-2'-methylene-uridine (1.0 g, 3.3 mmol, 72.5%) was eluted with 20% 
MeOH in CH2CI2. 

Example 43: 5'-0- DMT>2'-Deoxv>2'-Methvlene>Uridine (15^ 

2'-Deoxy-2*-methylene-uridine (0.91 g. 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
25 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with saL NaHCOs, water and brine. The organic extracts were dried 
over MgS04, concentrated in vacuo and purified over a silica gel column 

30 using ElOAc:hexanes as eluant to yield 15 (0.43 g. 0.79 mmol. 22%). 
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Example 44; f)-0-nMT.?-.nenxv.2'.Mpthy ,o n f>.v. n wi p^ r.,:,.ny .,^^^^^^^, 

diiSQOfODVlDhoSDhQramj^i(ft) (I7) ' " 

^(2^Deo)cy.2^methylene-5^0■dimethoxytrityl-p.o-ribofufanosyl)-uracil 
(0.43 g. 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a round- 
bottom flask under Ar. Diisopropylethylamine (0.28 mL. 1.6 mmol) was added 
followed by the dropwise addition of 2-cyanoethyl /V,/V-dlisopropylchiorophos^ 
phoramidite (0.25 mL. 1.12 mmol). The reaction mixture was stirred 2 h at RT 
and quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 -C). The product (0.3 g. 0.4 mmol. 50%) was purified by 
flash column chromatography over silica gel using a 25-70% EtOAc gradient 
in hexanes. containing 1% triethylamine. as eluant. R, 0.42 (CH2CI2: MeOH / 
15;1) 

E)^9mpie 4.5: ?-~Peoyv-?'.pifn ,n romftthvlen6.3- s-.n.rr.tr.i.op ..py|>^j^j,^^ 

ane.l.a-HlylH^n'lm^ 

2'-Keto-3'.5'.0.(tetralsopropyldisiloxane.1.3.diyl)uridine 14 (1 92 g 12 6 
mmol) and triphenylphosphine (2.5 g. 9.25 mmol) were dissolved in diglyme 
(20 mL). and heated to a bath temperature of 160 «C. A v ... (60 »C) solution 
of sodium chlorodifluoroacetate in diglyme (50 mL) was added (dropwise from 
an equilibrating dropping funnel) over a period of -1 h. The resulting mixture 
20 was further stirred for 2 h and concentrated in vacuo. The residue was 
dissolved in CH2CI2 and chromatographed over silica gel. 2'-Deoxy-2'- 

difluoromethylene-3'.5'-0-(tetraisopropyldisiloxane.1.3-diyl).uridine (3.1 g 59 
mmol. 70%) eluted with 25% hexanes in EtOAc. 



15 



25 



Example 4f^: 2'-Deoxv-p'-nifiuQmmatfiYi^ n^.^f yj ^|^^ 



2'-Deoxy.2'.methylene.3'.5'-0-(tetraisopropyldisiloxane-l.3-diyl)-uridine 
(3.1 g. 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M TBAF in THF 
(10 mL) for 20 m and concentrated in vacuo. The residue was triturated with 
petroleum ether and chromatographed on silica gel column. 2'.Deoxy-2'. 
difluoromethylene-uridine (1.1 g. 4.0 mmol. 68%) was eluted with 20% MeOH 
30 in CHzClz. 
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ExgmPl9 47: 5'-ODMT^2'>DQOXV-2^Dif luQrQmQthyl»ne-Uridine ri6) . 

2'-D0oxy-2'-difluoromethylene-uridine (1.1 g, 4.0 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) in pyridine (10 
mL) was added dropwlse over 15 m. The resulting mixture was stirred at RT 
for 12 h and MeOH (2 mL) was added to quench the reaction. The mixture 
was concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCOa. water and brine. The organic extracts were dried 
over MgS04, concentrated in vacuo and purified over a silica gel column 
using 40% EtOAc:hexanes as eluant to yield 5'-0-DMT-2'-deoxy-2'- 
difluoromethylene-uridine 16 (1.05 g, 1.8 mmol, 45%). 

Example 46: S'>Q-DMT >2^DeQxv-2'-DifluQromethvlene-Uridlnfl 
Cvanoethvl A/.A/'dlisoproDvlphosphoramidite) (18) 

1-(2*-Deoxy-2'-difluoromethylene-5'-Odimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.577 g, 1 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a 
round-bottom flask under Ar. Diisopropylethylamine (0.36 mL. 2 mmol) was 
added, followed by the dropwlse addition of 2-cyanoethyl /V,/V-diisopropyl- 
chlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture was stirred 
for 2 h at RT and quenched with ethanol (1 mL). After 10 m the mixture 
evaporated to a syrup in vacuo (40 *»C), The product (0.404 g. 0.52 mmol. 
52%) was purified by flash chromatography over silica gel using 20-50% 
EtOAc gradient in hexanes, containing 1% triethylamine. as eluant. Rf 0.48 
(CH2CI2: MeOH/ 15:1). 

Example 49; 2''Deoxv>2^Methvlene^3'. 5'.0-rretraisoDropvldisiloxanfl.i . f^- 
divl)-4-/V-Acetvl-Cvtidine 20 

Triethylamine (4.8 mL. 34 mmol) was added to a solution of POCI3 (0.65 
mL, 6.8 mmol) and 1,2,4-tria20le (2,1 g. 30.6 mmol) in acetonitrile (20 mL) at 0 
'C. A solution of 2'-deoxy-2*-methylene-3\5'-0-(tetraisopropyldisiloxane-1 .3- 

diyl) uridine 19 (1.65 g. 3.4 mmol) in acetonitrile (20 mL) was added dropwise 
to the above reaction mixture and left to stir at room temperature for 4 h. The 
mixture was concentrated in vacuo, dissolved in CH2CI2 (2 x 100 mL) and 
washed with 5% NaHCOa (1 x 100 mL). The organic extracts were dried over 
Na2S04 concentrated in vacuo, dissolved in dioxane (10 mL) and aq. 
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10 



15 



ammonia (20 mL). The mixture was stirred for 12 h and concentrated in 
vacuo. The residue was azeotroped with anhydrous pyridine (2 x 20 mL) 
Acetic anhydride (3 mL) was added to the residue dissolved in pyridine stirred 
at RT for 4 h and quenched with sat. NaHCOg (5 mL). The mixture was 
concentrated in vacuo, dissolved in CHzClz (2 x 100 mL) and washed with 5% 
NaHCOa (1 X 100 mL). The organic extracts were dried over Na2S04 
concentrated in vacuo and the residue chromatographed over silica gel 2*- 

Deoxy-2'-methylene-3'.5'.0-(tetraisopropyldislloxane-1.3-dlyl)-4-/V-acetyl- 
cytidine 20 (1 .3 g. 2.5 mmol. 73%) was eluted with 20% EtOAc in hexanes. 

Example SO: 1-f?^-neoln^r.Meth^llPn..R^n■p .• ^ethn.^^^i.Y■.ft .p-r=K.>■.nn^ 
svtW.A<.AnfltY(.<;? vtosinfl g1 

2'-Oeoxy-2'-methylene-3'.5'-0-(tetraisopropyldisiloxane-l.3-diyl)-4-A/- 
acetyl^idine 20 (1.3 g. 2.5 mmol) dissolved in THF (20 mL) was treated with 
1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column 2'- 
Deoxy-2'-methylene-4-A/-acetyl-cytidine (0.56 g. 1.99 mmol. 80%) was eluted 
with 10% MeOH in CH2CI2. 2'.Deoxy-2'.methylene-4-A/-acetyi-cytldir.e (0.56 
g. 1.99 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-Ci 
(0.81 g. 2.4 mmol) in pyridine (10 mL) was added dropwise over 15 m The 
resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was added to 
quench the reaction. The mixture was concentrated in vacuo and the residue 
tal<en up in CH2CI2 (100 mL) and washed with sat. NaHCOg (50 mL). water 
(50 mL) and brine (50 mL). The organic extracts were dried over MgS04 
concentrated in vacuo and purified over a silica gel column using 
EtOAcihexanes / 60:40 as eluant to yield 21 (0.88 g. 1.5 mmol. 75%). 

EwmplQSI- 1'(?'-neny^^r.Methvlpn«.^'.rLp | n,athnwtriv.p.p .nK.^.r..^^ 
SYn-4./V.AcetY|.CYTnsine r.(g.Cvanoethvl./V /V.diisnnrnnY iph».r>> '^lt-| 

1-(2'-Oeoxy-2'-methylene-5'-0.dimethoxytrityl-p-o-ribofuranosyl)-4./v- 
30 acetyl-cytosine 21 (0.88 g. 1.5 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.8 mL, 4.5 
mmol) was added, followed by the dropwise addition of 2.cyanoethyl N N- 
diisopropylchlorophosphoramidite (0.4 mL. 1.8 mmol). The reaction mixture 



20 



25 



wo 96/ir736 



PCTAJS9S/1SS16 



110 

was stirred 2 h at room temperature and quenched with ethanol (1 mL). After 
10 m the mixture evaporated to a syrup in vacuo (40 ^C). The product 22 
(0.82 g, 1.04 mmol, 69%) was purified by flash chromatography over silica gel 
using 50-70% EtOAc gradient in hexanes, containing 1% triethylamine, as 
5 eluant. Rf 0.36 (CH^CIsiMeOH / 20:1). 

Example 52: 2'>Deoxv-2'>Difluoromethvlene-3'.5'-OfTetraisQprQpyl 
disiloxane>1 .3>diyh>4-A/-AcQtvl>CytidinQ (24^ 

EtsN (6.9 mL, 50 mmol) was added to a solution of POCI3 (0.94 r^L. 10 
mmol) and 1 ,2,4-triazote (3.1 g, 45 mmol) in acetonitrile (20 mL) at 0 ""C. A 

10 solution of 2'-deoxy-2*-dlfluoromethylene-3\5*-0-(tetraisopropyldisiloxane- 
1 ,3-diyl)uridine 23 ([described In example 45] 2.6 g, 5 mmol) in acetonitrile 
(20 mL) was added dropwise to the above reaction mixture and left to stir at RT 
for 4 h. The mixture was concentrated in vacuo, dissolved in CH2CI2 (2 x 100 
mL) and washed with 5% NaHCOa (1 x 100 mL). The organic extracts were. 

15 dried over Na2S04 concentrated in vacuo, dissolved in dioxane (20 mL) and 
aq. ammonia (30 mL). The mixture was stirred for 12 h and concentrated in 
vacuo. The residue was azeotroped with anhydrous pyridine (2 x 20 mL). 
Acetic anhydride (5 mL) was added to the residue dissolved in pyridine, stirred 
at RT for 4 h and quenched with sat. NaHCOa (5mL). The mixture was 

20 concentrated in vacuo, dissolved in CH2Ci2 (2 x 100 mL) and washed with 5% 
NaHCOa (1 X 100 mL). The organic extracts were dried over Na2S04, 
concentrated in vacuo and the residue chromatographed over silica gel. 2*- 
Deoxy-2'-difluoromethylene-3'.5'-0(tetraisopropyldisiloxane-1,3-diyl)-4-A/- 
acetyl-cytidine 24 (2.2 g, 3.9 mmol. 78%) was eluted with 20% EtOAc in 

25 hexanes. 

Example 53: 1>f2'-Deoxv-2'> Difluoromethvlene-5'-0-Dimethoxvtritvl>B>D>ribo- 
furanosyn-4'A/-Acetvl-Cvtosine (25) 

2'-Deoxy-2'-difluoromethylene-3\5*-0(tetraisopropyldisiloxane-1,3-diyl)- 
4-A/-acetyl-cytidine 24 (2.2 g, 3.9 mmol) dissolved in THF (20 mL) was treated 
30 with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The residue 
was triturated with petroleum ether and chromatographed on a silica gel 
column. 2'-Deoxy-2'-difluoromethylene-4-/V-acetyl-cytidine (0.89 g, 2.8 mmol. 
72%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'-difIuoromethylene- 
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4-A/-acetyl-cytidine (0,89 g, 2.8 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (1.03 g, 3,1 mmol) in pyridine (10 mL) was added dropwise 
over 15 m. The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) 
was added to quench the reaction. The mixture was concentrated in vacuo 
5 and the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHCOa 
(50 mL). water (50 mL) and brine (50 mL), The organic extracts were dried 
over MgS04, concentrated in vacuo and purified over a silica get column 
using EtOAc:hexanes / 60:40 as eluant to yield 25 (1.2 g. 1.9 mmol. 68%). 

E xample 54: 1 -f 2'-Deoxv>2*>D(fluoromethvlene-5'>0-nimethQxvtrity(-p-p> 
10 ribofuranQSvn-4./v,Acetvlcvtosine a'-rg-cy anoethyUN Ni-diisoDroovlp hnf^phnr. 
amidttel ^26^ 

1-(2-Deoxy-2*-difluoromethylene-5*-Odimelhoxytrityl-p-D-ribofuranosyl)- 
4-/V-acetylcytosine 25 (0.6 g. 0.97 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Oiisopropylethylamine (0.5 mL. 2.9 

15 mmol) was added, followed by the dropwise addition of 2-cyanoethyl N,N- 
diisopropylchlorophosphoramidite (0.4 mL. 1.8 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture was evaporated to a syrup in vacuo (40 **C). The product 26, a white 
foam (0.52 g, 0.63 mmol, 65%) was purified by flash chromatography over 

20 silica gel using 30-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant. Rf 0.48 (CH2Cl2:MeOH / 20:1). 

gXOTPlg 55: 2'-Ket0-3'.5'-C?-rr etraisoDropy ldisitoxane^l .3-divlV6>/V>r4-f>RiJtyl. 
benzovn-Adenosine (28) 

Acetic anhydride (4.6 mL) was added to a solution of 3'.5*-0-(tetraiso- 
25 propyldisiloxane-1 ,3-diyl).6-/V-(4-f.butylbenzoyl).adenosine (Brown. J.; 
Christodolou. C; Jones.S.; Modak,A.; Reese.C; Sibanda.S.; Ubasawa A. J. 
Cham .Soc. Parkin Trans. / 1 989. 1735) (6.2 g. 9.2 mmol) in DMSO (37 mL) 
and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc and 
30 washed with water. The organic layer was dried over MgS04 and 
concentrated in vacuo. The residue was purified on a silica gel column to 
yield 2*-keto-3'.5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butylben2oyl)- 
adenosine 28 (4.8 g. 7.2 mmol. 78%). 
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gxamplQ 56: 2'-DQoxv>2^mQthvlene>3\5'-Q-f TetraisQprQpyldisiloxane-1 ..'^^ 
diyh^6>A^<4>f>Butyiben?Qyl\-AdQnQsinQ 

Under a pressure of argon, sec-butyllithium in hexaneis (11.2 mL. 14.6 
mmol) was added to a suspension of triphenylmethylphosphonium iodide 
5 (7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 ''C. The homogeneous 
orange solution was allowed to warm to -30 ^'C and a solution of 2'-keto-3'.5*- 
0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine 28 
(4.87 g, 7.3 mmol) in THF (25 mL) was transfen-ed to this mixture under argon 
pressure. After warming to RT, stirring was continued for 24 h. THF was 

1 0 evaporated and replaced by CH2CI2 (250 mL). water was added (20 mL). and 
the solution was neutralized with a cooled solution of 2% HCI. The organic 
layer was washed with H2O (20 mL). 5% aqueous NaHCOa (20 mL), H2O to 
neutrality, and brine (10 mL). After drying (Na2S04). the solvent was 
evaporated in vacuo to give the crude compound, which was 

15 chromatographed on a silica gel column. Elution with light petroleum 
ethenEtOAc / 7:3 afforded pure 2*-deoxy-2*-methylene-3\5'-0-(tetraisopropyl- 
disiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine 29 (3,86 g, 5.8 mmol. 
79%). 

Example 57: 2'-Deoxy«2'-Methviene-6-/V'(4-r-Butvlben2ovn-Adenosine 

20 2'-Deoxy-2*-methylene-3*.5*-0(tetraisonropyldisiloxane-1.3-diyl)-6-/V-(4- 
r-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) was 
treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2*-Deoxy-2*-methylene'6-A/-(4-f-butylbenzoyl)-adenosine 

25 (1 .8 g, 4.3 mmol, 74%) was eluted with 10% MeOH tn CH2CI2. 

Example 58: 5'-Q-DMT-2'-Deoxy.2'- Methylene-6-/V-f4-^BiJtvlbenzovh- 
Adenosine (29^ 

2'-Deoxy-2'-methylene-6-/V-(4-f-butylbenzoyl)-adenosine (0.75 g. 1.77 
mmol) was dissolved in pyridine (10 mL) and a solution of OMT-CI (0.66 g, 
30 1.98 mmol) in pyridine (10 mL) was added dropwise.over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up in 
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CH2CI2 (100 mL) and washed with sat. NaHCOa, water and brine. The 
organic extracts were dried over MgS04, concentrated in vacuo and purified 
over a silica gel column using 50% EtOAcrhexanes as an eluant to yield 29 
(0.81 g, 1.1 mmol.62%). 

5 Example 59: 5^0-DMT-2^Deoxv>2'-Mfithvl ene-6>AA.M-f-Butvlben2Qyi^> 
Adenosine 3'-f2-Cvanoethvl MA/>dilsQDrQDvlnhQ SDhoramiditfl\ ^31) 

1-(2'-Deoxy-2*-methylene-5'-0-dimethoxytrityl-p-o-ribofuranosyl)-6-/V-(4. 
f-butylben2oyl)-adenlne 29 dissolved in dry CH2CI2 (15 mL) was placed in a 
round bottom flask under Ar. Diisopropylethylamine was added, followed by 

10 the dropwise addition of 2-cyanoethyl W,/V-diisopropylchlorophosphoramidite. 
The reaction mixture was stinted 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 "C). The 
product was purified by flash chromatography over silica gel using 30-50% 
EtOAc gradient in hexanes, containing 1% triethylamine, as eluant (0.7 g. 0.76 

1 5 mmol, 68%). Rf 0.45 (CH2CI2: MeOH / 20:1 ) 

Example 60: 2'-Deoxv-2'-DifluoromethYlQn e>3'.5^0>/TetraisoorQQvldisilQx> 
ane>1.3-divn>6>yV>(4-f-Butvlben2oyi)-Adenoslnfl 

2'«Keto-3',S'-0-(tetraisopropyldisiloxane-1.3-diyl)-6-A/-(4-f-butylbenzoyl)- 
adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 1 1 mmol ) were 

20 dissolved in diglyme (20 mL), and heated to a bath temperature of 160 ^C. A 
warm (60 ^'C) solution of sodium chlorodifluoroacetate (2.3 g, 15 mmol) in 
diglyme (50 mL) was added (dropwise from an equilibrating dropping funnel) 
over a period of -1 h. The resulting mixture was further stin-ed for 2 h and 
concentrated in vacuo. The residue was dissolved in CH2CI2 and 

25 chromatographed over silica gel. 2'-Deoxy-2'-difluoromethylene-3',5'-0- 
(tetraisopropyldisiloxane-1 .3-diyl)-6-A/-(4-f-butylben2oyl)-adenosine (4. 1 g. 6.4 
mmol. 64%) eluted with 15% hexanes in EtOAc. 

Example 61: 2'-Deoxv-2'-DifluQromethvlene>6>A/-f4>f-B[jtvlhen7nyl)> 

Adenosine 



30 



2'-Deoxy-2*-difluoromethylene-3\5'-0-(tetraisopropyIdisiloxane-1.3-diyl)- 
6-A/-(4-f-butylbenzoyl)-adenosine (4.1 g, 6,4 mmol) dissolved in THF (20 mL) 
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was treated with 1 M TBAF in THF (10 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and chromatographed 
on a silica gel column. 2'-Oeoxy-2'^lifluorofnethylene-6-A/-(4-f-butylben2oyl)- 
adenosine (2.3 g, 4.9 mmol, 77%) was eluted with 20% MeOH in CH2CI2. 

5 Example 62: {>'-Q-DMT-2'-DflOXV.2'-Diflunrnmfl t hvtene.fi.A/.M.f .R,.|Y|. 
benzovH-Adannsino (^q) 

2'-Deoxy-2'-difluoromethylene-6-A/^4-f-butyiben2oyl)-ade'nosine (2.3 g, 
4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
pyridine (10 mL) was added dropwise over 15 m. The resulting mixture was 

1 0 stirred at RT for 12 h and MeOH (2 mL) was added to quench the reaction. 
The mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHCOa. water and brine. The organic 
extracts were dried over MgS04. concentrated in vacuo and purified over a 
silica gel column using 50% ElOAcrhexanes as eluant to yield 30 (2 6 g 3 41 

15 mmol, 69%). 

gyample 63: 5'-0-nMT-2'.Dflnyv.p '.Dif|uQrnmAthvlene-6-A/.f4./.R..tYl. 
benzovD-Adenosinft 3'./2.Cvanoflthyl /V.A/.diifinnrnpy|DhQsnhftramiriito| ( riO) 

1-(2'-Deoxy-2'-dif!uoromethylene-5'-0-dimethoxytrityl-p-o-ribofuranosyl)- 
6-/V-(4-f-butylben2oyl)-adenine 30 (2.6 g. 3.4 mmol) dissolved in dry CH2CI2 
(25 mL) was planed in a round bottom flask under Ar. Diisopropylethylamine 
(1.2 mL. 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl A/,/V-dilsopropylchlorophosphoramldite (1.06 mL. 4.76 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). After 
10 m the mixture evaporated to a symp in vacuo (40 »C). 32 (2.3 g. 2,4 mmol. 
70%) was purified by flash column chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes. containing 1% triethylamine. as eluant Rf 
0.52 (CH2CI2: MeOH / 15:1). 

Example 64: ?'-npnyv-2'-Methoyvr.a rbonvlmflthvliHine.a'.S'.n.rrAtraf^n. 
propvldisilny^nt..i . S-divn-Uridinfl (3 ?) 

30 Mothyl(triphenylphosphoranylidine)acetate (5.4 g. 16 mmol) was added 

to a solution of 2"-keto-3'.5'-0-(tetraisopropyl disiloxane-1 .3-diyl)-uridine 14 in 



20 
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CH2CI2 under argon. The mixture was left to stir at RT for 30 h. CH2CI2 (100 
mL) and water were added (20 mL). and the solution was neutralized with a 
cooled solution of 2% HCI. The organic layer was washed with H2O (20 mL), 
5% aq. NaHCOa (20 mL). H2O to neutrality, and brine (10 mL). After drying 
5 (Na2S04), the solvent was evaporated in vacuo to give crude product, that 
was chromatographed on a silica gel column. Elution with light petroleum 
etherEtOAc / 7:3 afforded pure 2'-deoxy-2*-methoxycarbonylmethylidine-3'.5'- 
0-(tetralsopropyldlsiloxane-1.3-diyO-uridine 33 (5.8 g. 10.8 mmol. 67.5%). 

Example 65: 2'-Deoxv-2'-Methoxvcarbonv lmetiivlidinft.Uridine ^34) 

10 Et3N»3 HF (3 mL) was added to a solution of 2'-deoxy-2'-methoxy- 

carboxylmethylidine-3',5'-0-(tetraisopropyldisiloxane-1.3-diyl)-uridine 33 (5 g, 
9.3 mmol) dissolved in CH2CI2 (20 mL) and EtaN (15 mL). The resulting 
mixture was evaporated in vacuo after 1 h and chromatographed on a silica 
gel column eluting 2'-deoxy-2'-methoxycarbonylmethylidine-uridine 34 (2.4 g, 

1 5 a mmol, 86%) with THF:CH2Cl2 / 4:1 . 

Example 66: 5'-0-DI^T.2'-DeQXV.g'.Mftt hQxvcarhnnvlmethvlidinfi-l]rirtin ? 

mi 

2'-Deoxy-2'-methoxycarbonylmethylidine-uridine 34 (1.2 g, 4.02 mmol) 
was dissolved in pyridine (20 mL). A solution of OMT-Cl (1 .5 g. 4.42 mmol) in 

20 pyridine (10 mL) was added dropwise over IS m. The resulting mixture was 
stirred at RT for 12 h and MeOH (2 mL) was added to quench the reaction. 
The mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat NaHCOa. water and brine. The organic 
extracts were dried over MgS04, concentrated in vacuo and purified over a 

25 silica gel column using 2-5% MeOH in CH2CI2 as an eluant to yield 5'-0-DMT- 
2'-deoxy-2'-methoxycarl)onylmethyIidine-uridine 35 (2.03 g, 3.46 mmol. 86%). 

Example 67: 5'-0-DMT~2'-Deoxv-2'-Mel hoxveafbQnvlmethvlidine-Uridine 
f2-cvanoethY|./V./V.diisopr opvlDhosphoramldlte) f36) 

1-(2*-Deoxy-2'-2'-m6thoxycart)onylmethylidine-5'-0-dimethoxytrityl-p-o- 
30 ribofuranosyl)-uridlne 35 (2.0 g. 3.4 mmol) dissolved in dry CH2CI2 (10 mL) 
was placed in a round-bottom flasl< under Ar. Diisopropylethylamine (1 .2 mL. 
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6.8 mmol) was added, followed by the dropwise addition of 2-cyanoethyl N.N- 
dlisopropylchlorophosphoramldite (0.91 mL. 4.08 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture was evaporated to a syrup In vacuo (40 'C). 5'-0-DMT-2'-deoxy-2'- 
5 methoxycarbonylmethylldine-uridine 3'-(2-cyanoethyl-/V./V-diisopropylphos- 
phoramidite) 36 (1.8 g. 2.3 mmol. 67%) was purified by flash column 
chromatography over silica gel using a 30-60% EtOAc gradient in hexanes. 
containbig 1% triethylamine, as eluant Rf 0.44 (CHaClarMeOH-/ 9.5:0.5). 

Example 68: ?'-nfloxv-2'-Carfaoxvmethvlidinfl..T .'^'. Q .rretraisnpm pY|rf|. 
0 siloxana-1 .- ^-divn-Uridinft 

2'-Deoxy-2'-methoxycarbonyimethylidine-3'.5*-0-(tetraisopropyldisilox- 
ane-1.3-diyl)-uridine 33 (5.0 g. 10.8 mmol) was dissolved in MeOH (50 mL) 
and 1 N NaOH solution (50 mL) was added to the stin-ed solution at RT. The 
mixture was stirred for 2 h and MeOH removed in vacuo. The pH of the 
5 aqueous layer was adjusted to 4.5 with IN HCI solution, extracted with EtOAc 
(2 X 100 mL), washed with brine, dried over MgS04 and concentrated in 
vacuo to yield the crude acid. 2'-Deoxy-2'-carboxymethylidine-3',5'-0- 
(tetraisopropyldisi!oxane-1.3-diyl)-urldine 37 (4.2 g. 7.8 mmol. 73%) was 
purified on a silica gel column using a gradient of 10-15% MeOH in CHaCla. 

fi)(ample 69: Synthesis of 2'-C-alM.H nhn«pt^^rfim'^i ^ from 5'.O.nMT.v.rL 
TBDMS-Uridina 

Refemng to Figure 54. in order to simplify the synthetic scheme for 
phosphoramidites 5 and 8 we also explored the potential of 5'-0-DMT-3'-0- 
TBDMS-Uridine 10 (side product in preparation of standard RNA monomers) 
as a starting material in the synthesis of key intermediate 4. 
Phenoxythiocart)onylation of starting synthon 10 according to Robins (Robins. 
M. J.. Wilson J. S. and Hansske. F. (1983). J. Am. Chem. Soc; 105, 4059). 
surprisingly led to thioester 11 ( 91 %) without noticeable migration (Scaringe, 
S.A.. Franclyn. 0. & Usman. N. (1990) Nucleic Acids Res ..18. 5433-5441) of 
the TBDMS group. Comparative analysis of ^H NMR data for compounds 10 
and 1 1 revealed that resonance of H-2' experienced up field shift of 2.0 
ppm(from 6.06 to 4.13) in 11 compare to starting compound 10. at the same 
time chemical shift of H-3' and H-V changed only slightly: 4.83 ppm(H-3') and 
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6.48 ppm (H-V) in 11 compare to 4.36(H-3') ppm and 5.93 ppm (H-V) in 10 
and chemical shift of H-4' remains practically unchanged indicating acylation 
at C-2-0H. Heck aliylatlon of Intermediate 11 with 2-,2'-Azobis-(2-methyl 
propionitrile) (other groups can be Introduced by standard procedures) 
resulted in a fomiation of 2'-C-allyl derivative 12 (70 % ) and related 2'-deoxy 
by-product ( 15% ). Subsequent desilylation of 12 led to 5'-0-DMT derivative 
4 identical to the one synthesized from thioester 2. Since the starting material 
for this route is commercially available this may represent a less laborious way 
to key synthon 4 as well as for other 2'- modified monomers. This 
methodology can be used to introduce other 2*-C-allyl groups using 
compound 11 (or its equivalent for other bases) as an intemiediate. 

Exampig 7Q; Synthesis of 5'-o-nimflthnyvtri^ i.2'.o.Phftnnvvthiocafhnnyi.;^-. 

O-t-bvtuldimethylsll vl-uridine 11. 

To a stirred solution of 5'-O-0imethoxytrityl-3*-O-t-bytuldimethyl$ilyi-. 

15 uridine (Commercially available from Chem Genes Corporation) (5.0 g 7.57 
mmol) and dimethylaminopyridine (1.8g. 15 mmol) in 100 ml of dry acetonitril 
a solution of phenylchlorothionoformate (1.26ml. 9.1 mmol) in 25 ml of 
acetonitrile was added dropwise and the reaction mixture stirred at room 
temperature for 3 hours. TLC (ethylacetate-hexanes 1:1) showed 

20 disappearance of starting material and the reaction mixture was concentrated 
in vacuo. The residue was purified by flash chromatography on silica gel 
CH2CI2 as an eluent to give 5.51 g (91.3%) of the product. 

NMR (CDCI3) 6 0.95 (s. 9H. tBu). 0.1 1 (s. 3H. CH3). 0.04 (s. 3H. CH3) 
3.57 (2H, H5'. H5". m J5',4'=2.4., J5",4'=2.8.. J5'.5*"=1 1.0), 3.86 (6H, OCH3, 
25 s). 4.07 (1H. H4', m). 4.83 (1H. H3'. dd. J3'.4'=2.8 J3'^'«:5.2). 5.44 (1H. H5. d. 
J5.6=8.0) 5.99 (1H. H2'. dd. J2M '=6.4 . J2'.3"= 5.2 ). 6.46 (1H, HV. d. 
Jr.2"=6.4) . 6.89-7.79 (18H. DMT. Phe. m). 7.88 (1H. H6. d. Je 5=8.0). 7.95 
(1H.N-H.bs). 

Example 71- Synthesis of 5'-Q.0imBthQyvtrit y|.2-.c.Allyi..'^'.o^. 
30 bvtuldimefhvlsilvl-uridinflM 9) 

To a refluxing under argon solution of 5'-0-Dimethoxytrityl-2'-0- 
Phenoxythiocarbonyl-3'-0-t-bytuldimethylsilyl-uridine (5.5g. 6.9 mmol) and 
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allyltributyltin (10.7ml. 34.5 mmol) in dry toluene (150 ml) a solution of 2-.2'- 
Azobis-(2-methyl propionitrlle) (0.28g 1.72 mmol) in 50 ml of dry toluene was 
added dropwise for 1 hour. The resulting mixture was allowed to reflux under 
argon for additional 2 hours. After that it was concentrated in vaetm and 
5 purified by flash chromatography on silica gel with gradient ethylacetate in 
hexanes (0-30%) as an eluent. Yield 3.38g (70.0%). 

1H NMR (CDCI3) 5 0.95 (s, 9H. tBu). 0.11 (s. 3H. CH3). 0.04 (s 3H 
CH3).2.23 (1H. H6'. m). . 2.38-2.52 (2H. HB" and H2'. m). 3.46 (2H. H5' and 
H5". m. J5\4'=2.5.. J5".4'=3.2 J5'.5"=10.8). 3.86 (6H. OCH3. s). 4.13 ( 1H. 
10 H4'. dd. J4'.3'=8.0. J4'.5-3.2.J4'.5'=2.5). 4.46 (1H. H3'. m). 5.15 (1H H8" d 
J8'.7-=10.0). 5.20(1H.H9\d.J9'.7'=17.3). 5.44 (1H. H5. d, J5.6=8.0). s'.8l' 
(1H. nr. dddd. J7'.6'=6.0. J7*.6-=8.0). 6.14 (1H; Hi*, d. Jy 2=8.0). 6.88-7.52 
(13H.DMT.m). 7.76(1H. H6.d. J6.5=8.0). 8.17 (1H. N-H. tjs) 

Example 72: Synthesis of 5'-0-DimethoxY^rit Y|.2'-CAIIyl l iridine U) frnm ij .n. 
^5 Pimeth0XVtritvl-2'-C-Allvl.a' .O.t.bvtuldimPthvl-silvl-ijrirlinP (19) 

Sta ..'i.rd deprotection of TBDMS derivative 12 utilizing general method 
A fumis: .ci product 4 (yield 80%) Identical to the compound prepared from 2'- 
C-allyl derivative 3. 

Uses 

20 The alkyi substituted nucleotides of this invention can be used to fomi 
stable oligonucleotides as discussed above for use in enzymatic cleavage or 
antisense situations. Such oligonucleotides can be fornied enzymatically 
using triphosphate fonns by standard procedure. Administration of such 
oligonucleotides Is by standard procedure. See Sullivan et al PCT WO 

25 94/02595. 

The following are non-limiting examples showing the synthesis of nucleic 
acids using 2'-0-methylthioalkyl-substituted phosphoramidites and the 
syntheses of the amidltes. 
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Exampte 73; Svnthesh of HammerhAaH qif ^ozvn,^, ^ ^itnhim ?' r_ 

alhYlthWaiKYlPUOlflOHrlftS & Olhar Mnrijfj ed Ni»? |ffAtftf^^ 

The method of synthesis follows the procedure for normal RNA 
synthesis as described in Usman.N.; Ogllvle.K.K.; Jiang.M.-Y.; Cedergren R J 
5 J Am. Chem. Soc. 1987. 109. 7845-7854 and in Scaringe.SA; Franklyn.C • 
Usman.N. Nucleic Acids Res. 1990. 16. 5433-5441 and makes use of 
common nucleic acid protecting and coupling groups, such as dimethoxytrityl 
at the 5'-end. and phosphoramidites at the 3'-end. These 2'-6.alkylthioaikvl 
substituted phosphoramidites may be incorporated not only into hammertiead 
1 0 nbozymes. but also into hainJin. hepalHis delta vinis. Group I or Group II intron 
catalytic nucleic acids, or into antisense oligonucleotides. They are. therefore 
of general use in any nucleic acid stoicture. 

Efflmpig 74; Svnthpsis of hT..;e.nrntont.^ r ^' ^- 0.^,^^,,;,,^ ^^^^,,, 
1.3-divn nnrlPoffj^o^ 

15 Referring to Figure 55. standard introduction of -Mari<iewic2" protecting 

group to the base-protected nucleosides according to "Oligonucleotides and 
Analogues. A Practical Approach", ed. F. Eckstein.JRL Press. 1991 resulted in 
protected nucleosides (2) with 85-100% yields." Briefly, in a non-limiting 
example. Uridine (20g. 81.9 mmol) was dried by two coevaporations with 
20 anhydrous pyridine and re dissolved in the anhydrous pyridine. The above 
solution was cooled (OOC) and solution of 1.3-dichloro.1,l.3 3- 
tetraisopropylsiloxane (28.82 mL. 90.09 mmol) in 30 mL of anhydrous 
drchloroethane was added dropwise under stirring. After the addition was 
completed the reaction mixture was allowed to warn, to room temperature and 
25 stirred for additional two hours. Then it was quenched with MeOH (25 mL) 
and evaporated to dryness. The residue was dissolved in methylene chloride 
and washed with saturated NaHCOg and brine. The organic layer was 
evaporated to diyness and then coevaporated with toluene to remove traces 
of pyridine to give 39g (98%) of compound 2 (B«Ura) which was used without 

oO further purification. 

other 3'.5'-0-(tetraisopropyldisiloxane-l.3-di-yl)- nucleosides were 
obtained in 75-90% yields, using the protocol described above, starting from 
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base-protected nucleosides with final purification of the products by flash 
chromatography on silica gel when necessary. 

Example 75: General procedure for the synthesis of g'> Q-methvlthiQfpff tf^yi 
PtiCteQSidgS (3) 

5 Refemng to Figure 55. to a stirred ice-cooled solution of the mixture of 

base-protected 3',5'-0-(tetraisopropyldisiloxane-1\3-diyl) nucleoside (2) (7 
mmol), methyl disulfide (70 mmol), 2,6-lutidine (7 mmol) in methylene chloride 
(100 mL) or mixture methylene chloride - acetonitrile (1:1) under positive 
pressure of argon, solution of benzoyl peroxide (28 mmol) in methylene 

10 chloride was added dropwise during 1 hour. After complete addition the 
reaction mixture was stirred at O^C under argon for additional 1 hour. The 
solution was allowed to wamn to room temperature, diluted with methylene 
chloride (100 mL). washed twice with saturated aq NaHCOa and brine. The 
organic layer was dried over sodium sulfate and evaporated to dryness. The 

15 residue was purified by flash chromatography on silica using 1-2% methanol 
in methylene chloride as an eluent to give corresponding methylthiomethyl 
nucleosides with 55: . % yield. 

Example 76: S'-0- Dimethoxvtritvl-2'0-MQthvlthiomethvl-NucleQsides. (6) 

Method A. The solution of the base-protected 3',5*-0- 
20 (tetraisopropyldisiloxane-1.3-diyl)-2'-0-methylthiomethyl nucleoside (3) (2.00 
mmol) in 10 ml of dry tetrahydrofuran (THF) was treated with 1M solution of 
tetrabutylammoniumfiuoride in THF (3.0 ml) for 10-15 minutes at room 
temperature. Resulting mixture was evaporated, the residue was loaded to 
the silica gel column, washed with 1L of chloroform, and the desired 
25 deprotected compound was eluted with 5-10% methanol in dichliromethane. 
Appropriate fractions were combined, solvents removed by evaporation, and 
the residue was dried by coevaporation with dry pyridine. The oily residue 
was redissolved In dry pyridine, dimethoxytritylchloride (1.2 eq) was added 
and the reaction mixture was left under anhydrous conditions overnight. The 
30 reaction was quenched with methanol (20 ml), evaporated, dissolved In 
chloroform, washed with saturated aq sodium bicarbonate and brine. Organic 
layer was dried over sodium sulfate and evaporated. The residue was purified 
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10 



15 



by flash chromatography on silica gel to give 5'-0-Dimethoxytrityl derivatives 
with 70-80% yield. uenvaiives 

Method B. Alternatively. 5'-0-Dimethoxytrityi-2*0-Methylthiomethy|. 
Nucleosides (6) may also be synthesized using 5'-0-Dimethoxytrityl-3'-0- 1- 
Butyl-dimethy-lsllyl Nucleosides (4) as the starting material. Compound 4 is 
commercially available as a by-product during RNA phosphoramidite 
synthesis. Compond 4 is converted in to 3'-0-t-butyldimethylsilyl-2'.0- 
methylthiomethyl nucleoside 5. as described under example 3. The solution of 
the base^protected 3'.Ot-butyldimethylsilyl-2'.0-methylthiomethyl nucleoside 
5 (2.00 mmol) in 10 ml of dry tetrahydrofuran (THF) was treated with 1M 
solution of tetrabutylammoniumfluoride in THF (3.0 ml) for 10-15 minutes at 
room temperature. The resulting mixture was evaporated, and purified by 
Hash silica gel chromatography to give nucleosides 6 in 90% yield. 

Example 77; 5'-0-Dimethoxvtritvl-2-.o.Mpfhv..h| »^^thvi.N..ri»n.iHoc.-,.,p. . 

gyanoethyl-N N-diisoDropytphn sphoroamiriitbc) (7) 

standard phosphitylation of nucleoside 6 according to Scaringe S A • 
Fr- •iklyn.C; Usman.N. Nucleic Acids Res. 1990. 18. 5433-5441 yielded 
phosphoramidites in 70-85% yield. 

i xample 7ff; Qpngrpl procedure for the svnthacic r.i 2 '.O.MPthy lf>^inpf,.»y. 
20 nucleoslH^^ , — 

To a stirred ice-cooled solution of the mixture of base-protected 3' S'-O- 
(tetraisopropyldisiloxane-1.3-dlyl) nucleoside (14.7 mmol) . thioanisole' (147 
mmol). N.N.dimethylaminopyridlne (58.8 mmol) in acetonftrie (100 mL) under 
positive pressure of argon, benzoyl peroxide (36.75 mmol) was added 
25 portionwise over 3 hours. After complete addition the reaction mixture was 
anowed to wami to room temperature and was stirred under argon for an 
additional 1 hour. The solvents were removed in vacuo, the residue was 

dissolved in ethylacetate. washed twice with saturated aq NaHCOa and brine 
The organic layer was dried over sodium sulfate and evaporated to dryness 
The residue was purified by flash chromatography on silica using mixture 
EtOAc-hexanes (1:1) as eluent to give the corresponding methylthiophenyl 
nucleosides with 55-65% yield. 



30 
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gxamole 79: 5^ Q-Dimethoxvtrityi>2'-0-MQthvithiophftnYl-NucleosidQs. 

These compounds were prepared as described above under examples 
76 and 76. 

Example 80: 5'-0-DimethoxvtritvU2'-0>Meth vlthiQDhenvl-NucleQsides-3'-(g> 
5 Cvanoethvl N.N-diisoproovlDhosphor oamidites) 

Standard phosphitylation according to Scaringe.S.A.; Frankiyn.C; 
Usman,N. Nucleic Acids Res. 1990, 18, 5433-5441 yielded 
phosphoramidites in 70-85% yield. 

Example 81: RIb ozymes containing 2'-0-methvhhiomethvl substitutinns 

10 In a non-limiting example Z-O-methylthioalkyI substitutions were made 

at various positions within a hammertiead ribozyme motif (Fig. 56. including 
U4 and U7 positions). The target site B was targeted by the hammerhead 
ribozyme in this non-limiting example. 

Hammerhead ribozymes (soe Fig. 56) were synthesized using solid- 
15 phase synthesis, as describ/ above. Several positions were modified, 
individually or in combination, with 2 -O-methylthiomethyl groups. 

RNA cleavage assay in vitro: 

Substrate RNA is 5' end-labeled using (Y-^2p] atp and T4 polynucleotide 
kinase (US Biochemicals). Cleavage reactions were carried out under 

20 ribozyme "excess" conditions. Trace amount (^ 1 nM) of 5' end-labeled 
substrate and 40 nM unlabeled ribozyme are denatured and renatured 
separately by heating to 90°C for 2 min and snap-cooling on ice for 10-15 
min. The ribozyme and substrate are incubated, separately, at 37°C for 10 
min in a buffer containing SO mM Tris-HCI and 10 mM MgCla. The reaction is 

25 initiated by mixing the ribozyme and substrate solutions and incubating at 
37''C. Altquots of 5 ^1 are taken at regular intervals of time and the reaction is 
quenched by mixing with equal volume of 2X fomiamide stop mix. The 
samples are resolved on 20 % denaturing polyacrylamide gels, the results 
are quantified and percentage of target RNA cleaved is plotted as a function of 

30 time. 
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Referring to Figure 57. hammerhead ribozymes containing 2'-0- 
methylthiomethyl modifications at various positions cleave the target RNA 
efficiently. Surprisingly, all the 2'-0-methylthiomethyl -substituted ribozymes 
cleaved the target RNA more efficiently compared to the control hammerhead 
ribozyme. 

Sequences listed in Figure 56 and the modifications described in Figure 
56 and 57 are meant to be non-limiting examples. Those skilled in the art will 
recognize that variants (base-substitutions, deletions, insertions, mutations, 
chemical modifications) of the ribozyme and RNA containing other 
combinations of 2*-hydroxyl group modifications can be readily generated 
using techniques known in the art. and are within the scope of the present 
invention. 

The following are non-limiting examples showing the synthesis of non- 
nucleotide mimetic-containing catalytic nucleic acids using non-nucleotide 
phosphoramidites. 

Such non-nucleotides can be located in the binding amis, core or the 
loop adjacer- stem II of a hammerhead type ribozyme. Those in the art 
following the teachings herein can determine optimal locations in these 
regions. Surprisingly, abasic moieties can be located in the core of such a 
ribozyme. 

Example 82: Synthesi s of Abasic nucleotide's 

The synthesis of 1-deoxy-O-ribofuranose phosphoramidite 9 is shown in 
Rgure 58. Our initial efforts concentrated on the deoxygenation of synthon 1 . 
prepared by a "one pof procedure from 0-ribose. Phenoxythiocarbonylation 
of acetonide 1 under Robins conditions led to the p-anomer 2 (Ji,2 = 1.2 Hz) 
in modest yield (45-55%). Radical deoxygenation using BuaSnH/AIBN 
resulted in the fonrtation of the ribitol derivative 3 in 50% yield. Subsequent 
deprotection with 90% CF3COOH (10 m) and introduction of a dimethoxytrityi 
group led to the key intermediate 4 in 40% yield (Yang et al.. Biochemistry 
1992, 31, 5005-5009; Pen-eault et al.. Biochemistry IQQ-i, 30, 4020-4025; 
Paoleila et a!.. EMBO J. 1992. //. 1913-1919; Peiken et al.. Sc/ence 1991. 
253, 314-317). 
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The low overall yield of this route prompted us to investigate a different 
approach to 4 (Fig. 58). Phenylthioglycosides, successfully employed in the 
Keck reaction, appeared to be an alternative. However, it is known that free- 
radical reduction of the corresponding glycosyl bromides with participating 
5 acyl groups at the C2-position can result in the migration of the 2-acyl group to 
the CI -position (depending on BuaSnH concentration). Therefore we 
subjected phenylthJoglycoside S to radical reduction with BusSnH (6.1 eq.) in 
the presence of BZ2O2 (2 eq,) resulting in the isolation of tribenzoate 6 in 63% 
yield (Fig. 98). Subsequent debenzoylation and dimethoxytritylation led to 
10 synthon 4 in 70% yield. Introduction of the TBDMS group, using standard 
conditions, resulted in the formation of a 4:1 ratio of 2- and 3-isomers 8 and 7. 
the two regioisomers were separated by silica gel chromatography. The 2-0- 
f-butyldimethylsilyl derivative 8 was phosphitylated to provide 
phosphoramidite 9 in 82% yield. 

15 Example 83: RIMA cleavage assay in vitro 

Ribozymes and substrate RNAs were synthesized as described above. 
Substrate RNA was 5' end-labeled using [\ P] ATP and T4 polynucleotide 
kinase (US Biochemicals). Cleavage reactions were carried out under 
ribozyme "excess" conditions. Trace amount (< 1 nM) of 5' end-labeled 

20 substrate and 40 nM unlabeled ribozyme were denatured and renatured 
separately by heating to 90^C for 2 min and snap-cooling on ice for 10-15 
min. The ribozyme and substrate were incubated, separately, at 37**C for 10 
min in a buffer containing 50 mM Tris-HCI and 10 mM MgCl2. The reaction 
was initiated by mbdng the ribozyme and substrate solutions and incubating at 

25 37«C. Aliquots of 5 jil are taken at regular intervals of time and the reaction 
quenched by mixing with an equal volume of 2X fonmamide stop mix. The 
samples were resolved on 20 % denaturing polyacryiamide gels. The results 
were quantified and percentage of target RNA cleaved is plotted as a function 
of time. 

30 Referring to Figure 59 there is shown the general structure of a 

hammerhead ribozyme targeted against site B (HH-B) with various bases 
numbered. Various substitutions were made at several of the nucleotide 
positions in HH-B. Specifically refening to Figure 60. substitutions were made 
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at the U4 and U7 positions marked as X4 and X7 and also in loop II In the 
positions marked by an X. The RNA cleavage activity of these substituted 
ribozymes is shown In the following figures. Specifically. Figure 61 shows 
cleavage by an abasic substituted U4 and an abasic substituted U7. As will 
5 be noted, abasic substitution at U4 or U7 does not significantly affect cleavage 
activity. In addition, inclusion of all abasic moieties in stem II loop does not 
significantly reduce enzymatic activity as shown in Figure 62. Further, 
inclusion of a 3' inverted deoxyribose does not inactivate the -RNA cleavage 
activity as shown in Figure 63. 

10 Example 84: Smooth Muscle Cell Proliferation Assay 

Hammerhead ribozyme (HH-A) is targeted to a unique site (site A) within 
c-myb mRNA. Expression of c-myb protein has been shown to be essential for 
the proliferation of rat smooth muscle cell (Brown et al., 1992 J. Biol. Chem. 
267. 4625). 

15 The ribozymes that cleaved site A within c-myb RNA described above 

were assayed for their effect on smooth muscle cell proliferation. Rat vascular 
smooth muscle cells we.' isolated and cultured as described (Stnchcomb et 
al.. supra). These primary rat aortic smooth muscle cells (RASMC) were 
plated in a 24-well plate (5x1 o3 cells/well) and incubated at 37^C in the 

20 presence of Dulbecco's Minimal Essential Media (DMEM) and 10% serum for 
-16 hours. 

These cells were semm-stan/ed for 48-72 hours in DMEM (containing 
0.5% serum) at 37*C. Following serum-starvation, the cells were treated with 
lipofectamine (LFA)-complexed ribozymes (100 nM ribozyme was complexed 
25 with LFA such that LFArribozyme charge ration Is 4:1 ). 

Ribozyme:LFA complex was incubated with serum-stan/ed RASMC cells 
for four hours at 37'C. Following the removal of ribozyme:LFA complex from 

cells (after 4 hours), 10% serum was added to stimulate smooth cell 
proliferation. Bromo-deoxyuridine (BrdU) was added to stain the cells. The 
30 cells were stimulated with semm for 24 hours at 37*'C. 
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Following serum-stimulation, RASMC cells were quenched with 
hydrogen peroxide (0.3% H2O2 in methanol) for 30 min at 4«C. The cells 
were then denatured with 0.5 ml 2N HCI for 20 min at rpom temperature. 
Horse semm (0.5 ml) was used to block the cells at A'C for 30 min up to -16 
5 hours. 

The RASMC cells were stained first by treating the cells with anti-BrdU 
(primary) antibody at room temperature for 60 min. The cells were washed 
with phosphate-buffered saline (PBS) and stained with biotinylated affinity- 
purified anti-mouse IgM (Pierce. USA) secondary antibody. The cells were 
10 counterstained using avidin-biotinylated enzyme complex (ABC) kit (Pierce 
USA). 

The ratio of proliferatingrnon-proliferating cells was detemiined by 
counting stained cells under a microscope. Proliferating RASMCs will 
incorporate BrdU and will stain brown. Non-proliferating cells do not. 
1 5 incorporate BnJU and will stain purple. 

Referring to Figure 64 there is shown a ribozyme v iiich cleaves the site A 
refen-ed to as HH-A. Substitutions of abasic moieties i.. place of U4 as shown 
in Figure 65 provided active ribozyme as shown in Figure 66 using the above- 
noted rat aortic smooth muscle cell proliferation assay. 

20 The method of this invention generally features HPLC purification of 

ribozymes. An example of such purification is provided below in which a 
synthetic ribozyme produced on a solid phase is blocked. This material is 
then released from the solid phase by a treatment with methanolic ammonia, 
subsequently treated with tetrabutylammonium fluoride, and purified on 

25 reverse phase HPLC to remove partially blocked ribozyme from "failure- 
sequences. Such "failure- sequences are RNA molecules which have a 
nucleotide base sequence shorter to that of the desired enzymatic RNA 
molecule by one or more of the desired bases in a random manner, and 
possess free terminal 5'-hydroxyl group. This terminal 5*-hydroxyl in a 

30 ribozyme with the con-ect sequence is still blocked by lipophilic dimethoxytrityl 
group. After such partially blocked enzymatic RNA is purified, it is deblocked 
by a standard procedure, and passed over the same or a similar HPLC 
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reverse phase column to remove other contaminating components, such as 
other RNA molecules or nucleotides or other molecules produced in the 
deblocking and synthetic procedures. The resulting molecule is the native 
enzymatically active ribozyme in a highly purified form. 

5 Below are provided examples of such a method. These examples can 

be readily scaled up to allow production and purification of gram or even 
kilogram quantities of ribozymes. 

Example 85: HPLC Purification. Reverse-Phasf* 

In this example solid phase phosphoramidite chemistry was employed 
10 for synthesis of a ribozyme. Monomers used were 2'-r-butyl-dimethylsilyl 
cyanoethylphosphoramidites of uridine, A/-benzoyl-cytosine. /V-phenoxyacetyl 
adenosine, and guanosine (Glen Research, Steriing, VA). 

Solid phase synthesis was carried out on either an ABI 394 or 380B 
DNA/RNA synthesizer using the standard protocol provided with each 

15 machine. The only exception was that the coupling step was increased from 
10 to 12 minutes. The phosphorami 'itfi concentration was 0.1 M. Synthesis 
was done on a 1 jimol scale using a 1 ^mol RNA reaction column (Glen 
Research). The average coupling efficiencies were between 97% and 98% 
for the 394 model and between 97% and 99% for the 380B model, as 

20 detennined by a calorimetric measurement of the released trityl cation. The 
final 5*-DMT group was not removed. 

After synthesis, the ribozymes were cleaved from the CPG support, and 
the base and phosphotriester moieties were deprotected in a sterile vial by 
incubation in dry ethanolic ammonia (2 mL) at 55 for 16 hours. The 
25 reaction mixture was cooled on dry ice. Later, the cold liquid was transferred 
into a sterile screw cap vial and lyophilized. 

To remove the 2'-/-butyldimethylsilyl groups from the ribozyme the 
Obtained residue was suspended in 1 M tetra-n-butylammonium fluoride in dry 
THF (TBAF). using a 20-fold excess of the reagent for every silyl group, for 16 
30 hours at ambient temperature. The reaction was quenched by adding an 
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equal volume of a sterile 1 M triethylamlne acetate, pH 6.5. The sample was 
cooled and concentrated on a SpeedVac to half of the Initial volume. 

The ribozymes were purified In two steps by HPLC on a C4 300 A 5 urn 
OeltaPak column in an acetonitrile gradient. 

5 The first step, or "trityl on" step, was a separation of 5'-DMT-protected 

ribozyme(s) from failure sequences lacking a 5'-DMT group. Solvents used 
for this step were: A (0*1 M triethylammonium acetate. pH 6.B) and B 
(acetonitrOe). The elution profile was: 20% B for 10 minutes, followed by a 
linear gradient of 20% B to 50% B over 50 minutes, 50% B for 10 minutes, a 
10 linear gradient of 50% B to 100% B over 10 minutes, and a linear gradient of 
1 00% B to 0% B over 1 0 minutes. 

The second step was a purification of a completely deprotected, Le. 
following the removal of the 5'-DMT group, ribozyme by a treatment with 2% 
trifluoroacetic acid or 80% acetic acid on a C4 300 A 5 [xm DeltaPak column in 
15 an acetonitrile gradient. Solvents used for this second step were: A (0.1 M 
Triethylammonium acetate, pH 6.8) and B (80% acetonitrile, 0.1 M 
triethylammonium acetate, pH 6.8). The elution profile was: ...70 B for 5 
minutes, a linear gradient of 5% B to 15% B over 60 minutes, 15% B for 10 
minutes, and a linear gradient of 15% B to 0% B over 10 minutes, 

20 The fraction containing ribozyme, which is in the triethylammonium salt 

form, was cooled and lyophiiized on a SpeedVac. Solid residue was 
dissolved in a minimal amount of ethanol and ribozyme in sodium salt form 
was precipitated by addition of sodium perchlorate in acetone. (K+ or Mg2+ 
salts can be produced in an equivalent manner.) The rit}Ozyme was collected 

25 by centrifugatioh, washed three times with acetone, and lyophiiized. 

Example 86: RNA and Ribozvme Deprotection of Exocvciic Amino Protecting 
Groups Using ethytamine (EA) 

The polymer-bound oligonucleotide, either trityl-on or off. was suspended 
in a solution of ethylamine (EA) @ 25-55 ^'C for 10-30 min to remove the 
30 exocyclic amino protecting groups (see Figure 67). The supernatant was 
removed from the polymer support. The support was washed with 1 .0 mL of 
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EtOH:MeCN:H20/3:1:l, vortexed and the supernatant was then added to the 
first supernatant. The combined supernatants, containing the 
oligoribonucleotide. were dried to a white powder. 

Table EVIl is a summary of the results obtained using the Improvements 
5 outlined in this application for base deprotection. From this data it is evident 
EA at 55* for 10 m or 40** for 10 m is efficient. The HPLC peak structure is 
almost identical between these schemes, and the yield for the ethylamine 
deprotected oligos is actually slightly better than the methylamine. 

The second step of the deprotection of RNA molecules may be 
10 accomplished by removal of the 2'-hydroxyl alkylsilyl protecting group using 
TBAF for 8-24 h (Usman et aL J. Am. Chem. Soc. 1987, 709. 7845-7854). 
Applicant has determined that the use of anhydrous TEA^HF in /V- 
methylpyn-olidine (NMP) for 0.5-1.5 h © 55-65 gives equivalent or better 
results. 

15 The following are examples of preferred embodiments of the present 

invention. Those in the art will recognize that these are not limiting examples 
but rather are provided to guide those in the art to the full breadth of meaning 
of the present invention. Routine procedures can be used to utilize other 
coupling regions not exemplified below. 

20 Ribozymes were synthesized in two parts and tested without ligation for 

catalytic activity. Referring to Fig. 72, the cleavage activity of the half 
ribozymes containing between 5 and 8 base pairs stem lis at 40 nM under 
single turnover conditions was comparable to that of the full length oligomer 
as shown in Figs. 73 and 74. The same half ribozymes were synthesized with 

25 suitable modifications at the nascent stem II loop to allow for crosslinking. The 
halves were purified and chemically ligated, using a variety of crosslinking 
methods. The resulting full length ribozymes (see Fig. 71) exhibited similar 
cleavage activity as the lineariy synthesized full length oligomer as shown in 
Fig, 74, 
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Example 87 

Referring to Fig. 70 the 5* half of a hammerhead ribozyme was provided 
with a ribose group. This was pxidatively cleaved with Nal04 and reacted with 
the 3' half of the ribozyme having an amino group under reducing conditions. 
5 The resulting ribozyme consisted of the two half ribozyme linked by a 
morpholino group. 

One equivalent of (200 micrograms) of 5' half hammertiead with a 3'OH 
and 5 equivalents (1000 micrograms) of 3' half with 5' C5-Ni-l2 all with HH-A 
were used in this reaction. The limiting oligonucleotide was oxidized first with 

10 3.6 equivalents of sodium periodate for sixty minutes on ice in DEPC water 
quenched with 7.2 equivalents of ethylene glycol for 30 minutes on ice and the 
5 equivalents of the amino oligo added. 0.5 Molar tricine buffer, pH 9. was 
added to provide 25 millimolar final tricine concentration and left for 30 
minutes on ice. 50 equivalents of sodium cyanoborohydride was then added 

1 5 and the pH reduced to 6.5 with acetic acid and reaction left for 60 minutes on 
ice. The resulting full length ribozyme was then purified for further analysis. 

Exco.iDle 88: Amide Bond 

Referring again to Fig. 70 and 71 . a 5' half of ribozyme was provided with 
a carboxyl group at its 2' position and was coupled with an amine containing 
20 3' half ribozyme. The provision of a coupling reagent resulted in a full-length 
ribozyme having an amide bond. 

6x9mpi9 89; Pteulficig Ppntj 

Referring to Fig, 70 and 71, 250 micrograms of RPI3881 and 250 
micrograms of RPI3636 half ribozyme were separately deprotected with 
25 dithiothreitol overnight at 37''C. They were mixed together at 1:1 mole ratio in 
a 100 mM sodium phosphate buffer at pH 8 and 4M copper sulfate and 0.8 
mM 1,10-phenanthroline (final concentrations) was added for two hours at 
room temperature (20-25*^C) and the resulting mixture gel purified. The 
overall purification yield of full length ribozyme was 30%. 

30 To make internally-labeled substrate RNA for trans-ribozyme cleavage 

reactions, a 1 .8 KB region (containing site A) was synthesized by PGR using 
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primers that place the T7 RNA promoter upstream of the amplified sequence. 
Target RNA was transcribed, using T7 RNA polymerase, in a standard 
transcription butter in the presence of [a-32p]CTP. The reaction mixture was 
treated with 15 units of ribonuclease-free DNasel. extraiited with phenol 
5 followed chloroform:lsoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethand. The dried pellet was resuspended in 20 ^l DEPC- 
treated water and stored at •20'C. 

Unlabeled ribozyme (200 nM) and Internally labeled 1.8' KB substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 

10 cleavage buffer (containing 50 mM Tris HCI pH 7.5 and 10 mM MgCl2) by 
heating to SCC for 2 min. and slow cooling to 37«C for 10 min. The reaction 
was initiated by mixing the ribozyme and substrate mixtures and incubating at 
37°C. Aliquots of 5 ^1 were taken at regular time intervals, quenched by 
adding an equal volume of 2X fonnamide gel loading buffer and frozen on dry 

15 ice. The samples were resolved on 5% polyacrylamide sequencing gel and. 
results were quantitatively analyzed by radioanalytic imaging of gels with a 
Phosphorlmager (Molecular Dynamics. Sunnyvale, CA). 

Few antiviral dii-g therapies are available that effectively inhibit 
established viral infections. Consequently, prophylactic immunization has 
20 become the method of choice for protection against viral pathogens. 
However, effective vaccines for divergent viaises such as those causing the 
common cold, and HIV, the etiologic agent of AIDS, may not be feasible. 
Consequently, new antiviral strategies are being developed for combating 
viral infections. 

25 Gene therapy represents a potential alternative strategy, where antiviral 

genes are stably transfen-ed Into susceptible cells. Such gene therapy 
approaches have been tentied "intracellular Immunization" since cells 
expressing antiviral genes become immune to viral infection (Baltimore. 1988 

Nature 335, 395-396). Numerous forms of antiviral genes have been 

30 developed, including protein-based antivirals such as transdominant inhibitory 
proteins (Malim et al., 1993 J. Exp. Med.. Bevec et al., 1992 P.N.A.S. (USA) 
89, 9870-9874; Bahner et al.. 1993 J. Virol. 67, 3199-3207) and viral-activated 
suicide genes (Ashom et al., 1990 P.N.A.S.(USA) 87. 8889-8893). Although 
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effective In tissue culture, protein-based antivirals have the potential to be 
immunogenic in \nvo. It is therefore conceivable that treated cells expressing 
such foreign antiviral proteins will be eradicated by normal immune functions. 
Alternatives to protein based antivirals are RNA based molecules such as 
5 antisense RNAs. decoy RNAs. agonist RNAs. antagonist RNAs, therapeutic 
editing RNAs and ribozymes. RNA is not immunogenic: therefore, cells 
expressing such therapeutic RNAs are not susceptible to immune eradication. 

Example 90: Design and const ruction of U6-S35 Chimera 

A transcription unit, termed U6*S35. is designed that contains the 
10 characteristic Intramolecular stem of a S35 motif (see Rgure 76). As shown in 
Figure 77, 78 and 79 a desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of U6-S35 chimera. This construct is under the control of a 
type 3 pol III promoter, such as a mammalian U6 small nuclear RNA (snRNA) 
promoter (see Fig. 75). U6-S35-HHI and U6-S35-HHII are non-limiting 
1 5 examples of the U6-S35 chimera. 

As a no i' tiiting example, applicant has constructed a stable, active 
ribozyme RN/^ driven from a eukaryotic U6 promoter (Fig. 78). For stability, 
applicant incorporated a S35 motif as described in Fig. 76 and Fig. 77. A 
ribozyme sequence is inserted at the top of the stem, such that the ribozyme is 

20 separated from the S35 motif by an unstructured spacer sequence (Fig. 77, 
78. 79). The spacer sequence can be customized for each desired RNA 
sequence. U6-S35 chimera is meant to be a non-limiting example and those 
skilled in the art will recognize that the staicture disclosed in the figures 77. 78 
and 79 can be driven by any of the known RNA polymerase promoters and are 

25 within the scope of this invention. All that is necessary is for the 5' region of a 
transcript to interact with its 3* region to forni a stable intramolecular structure 
(S35 motif) and that the S35 motif Is separated from the desired RNA by a 
stretch of unstructured spacer sequence. The spacer sequence appears to 

improve the effectiveness of the desired RNA, 

30 By "unstructured" is meant lack of a secondary and tertiary structure such 

as lack of any stable base-paired structure within the sequence itself, and 
preferably with other sequences in the attached RNA. 
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By "spacer sequence" is meant any unstructured RNA sequence that 
separates the S35 domain from the desired RNA. The spacer sequence can 
be greater than or equal to one nucleotide. 

In vitro Catalytic Activity of U6'S3S'Rib ozvme ChimQras: 

5 U6-S35-HHI ribozyme RNA was synthesized using T7 RNA polymerase. 

HHI RNA was chemically synthesized using RNA phosphoramidite chemistry 
as described in Wincott et al.. 1995 Nucleic Acids Res. The ribozyme RNAs 
were gel-purified and the purified ribozyme RNAs were heated to 55°C for 5 
min. Target RNA used was -650 nucleotide long. Intemally-^^p.iabeie^ 

10 target RNA was prepared as described above. The target RNA was pre- 
heated to Sl'^C in 50 mM Tris.HCI. 10 mM f^gCIa and then mixed at time zero 
with the ribozyme RNAs (to give 200 nM final concentration of ribozyme). At 
appropriate times an aliquot was removed and the reaction was stopped by 
dilution in 95% formamide. Samples were resolved on a denaturing urea- 

15 polyacrylamide gel and products were quantitated on a phospholmager®. 

As shown in Figure 80. the U6-S35-HHI ribozyme chimera cleaved its 
target RNA as efficiently as a chemically synthesized HHI ribozyme. In fact, it 
appears that the U6-S35-HHI ribozyme chimera may be more efficient than 
the synthetic ribozyme. 

20 Accumulation of US-S35'ribozvme transcripts 

An Actinomydn D assay was used to measure accumulation of the 
transcript in mammalian cells. Cells were transfected overnight with plasmids 
encoding the appropriate transcription units {2\ig DNA/well of 6 well plate) 
using calcium phosphate precipitation method (Maniatis et al.. 1982 Molecular 

25 Cloning Cold Spring Harbor Laboratory Press, NY). After the overnight 
transfection, media was replaced and the cells were incubated an additional 
24 hours. Cells were then incubated in media containing 5jig/ml Actinomycin 
D. At the times indicated, cells were lysed in guanidinium isothiocyanate, and 
total RNA was purified by phenol/chloroform extraction and isopropanol 

30 precipitation as described by Chomczynski and Sacchi. 1987 AnaL Biochem.. 
162, 156. RNA was analyzed by northen blot analysis and the levels of 
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specific RNAs were radioanalyticaly quantltated on a phospholmager®. The 
level of RNA at time zero was set to be 100%. 

As shown in Figure 81, the U6-S35-HHII ribozyme shown in Figure 79 is 
fairly stable in 293 mammalian ceils with ah approximate half-life of about 2 
5 hours. 

Examole 91: Desi gn and construction of VA1-S35 Chimera 

Refering to Figure 83A. In order to express ribozymes from a VAI 
promoter, applicant has constructed a transcription unit consisting of a wild 
type VA1 sequence with two modifications: a "SSS-like" motif extends from a 
10 loop in the central domain (Figure 82); the 3* terminus is changed such that 
there is a more complete interaction between the 5* and the 3* region of the 
transcript (specifically, an "A-C" bulge Is changed to an "A-U base pair and the 
temiination sequence is part of the stem of S35 moliO- 

Accumulation of VAUS35-ribozvme trBnscript<i 

15 ' An Actinomycin D - ay was used to measure accumulation of the 
transcript in mammalian cells as described above. As shown in Figure 84. the 
VA1-S35-chimera. shown in Figure 83A, has approximately 10- fold higher 
stability in 293 mammalian cells compared to VA1 -chimera, shown in Figure 
25B that lacks the intramolecular S35 motif. 

20 Besides ribozymes. desired RNAs like antisense, therapeutic editing 

RNAs. decoys, can be readily inserted into the indicated U6-S35 or VA1-S35 
chimera to achieve therapeutic levels of RNA expression in mammalian cells. 

Sequences listed in the Figures are meant to be non-limiting examples. 
"Riose skilled in the art will recognize that variants (mutations, insertions and 
25 deletions) of the above examples can be readily generated using techniques 
known in the art, are within the scope of the present invention. 

Digqpostig usffs 

Ribozymes of this invention may be used as diagnostic tools to examine 
genetic drift and mutations within diseased cells or to detect the presence of 
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stromolysin. B7-1. B7-2, B7-3 and/or C040 or other RNAs in a cell. The close 
relationship between ribozyme activity and the structure of the target RNA 
allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional stmcture of the target RNA. By using 
5 multiple ribozymes described in this invention, one may map nucleotide 
changes which are important to RNA stmcture and function in vitro, as well as 
in cells and tissues. Cleavage of target RNAs with ribozymes may be used to 
inhibit gene expression and define the role (essentially) of specified gene 
products in the progression of disease. In this manner, other genetic targets 

10 may be defined as important mediators of the disease. These experiments will 
lead to better treatment of the disease progression by affording the possibility 
of combinational therapies (e.g., multiple ribozymes targeted to different 
genes, ribozymes coupled with known small molecule inhibitors, or 
intermittent treatment with combinations of ribozymes and/or other chemical or 

15 biological molecules). Other in vitro uses of ribozymes of this invention are 
well known in the art. and include detection of the presence of mRNAs 
associated with 87-1. 87-2, B7-3 and/or CD40 or other RNA related 
conditions. Such RNA is detected by determining the presence of a cleavage 
product after treatment with a ribozyme using standard methodology. 

20 In a specific example, ribozymes which can cleave only wild-type or 

mutant fonns of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second ribozyme 
will be used to identify mutant RNA in the sample. As reaction controls, 
synthetic substrates of both wild-type and mutant RNA will be cleaved by both 

25 ribozymes to demonstrate the relative ribozyme efficiencies in the reactions 
and the absence of cleavage of the "non-targeted" RNA species. The 
cleavage products from the synthetic substrates will also serve to generate 
size maricers for the analysis of wild-type and mutant RNAs in the sample 
population. Thus each analysis will require two ribozymes. two substrates 

30 and one unknown sample which will be combined into six reactions. The 
presence of cleavage products will be detennined using an RNAse protection 
assay so that full-length and cleavage fragments of each RNA can be 
analyzed in one lane of a polyacrylamide gel. It is not absolutely required to 
quantify the results to gain insight into the expression of mutant RNAs and 
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putative risk of the desired phenotypic changes in target cells. The expression 
of mRNA whose protein product is implicated in the development of the 
phenotype (i.e., B7-1, B7-2. B7-3 and/or CD40) is adequate to establish risk. If 
probes of comparable specific activity are used for both transcripts, then a 
5 qualitative comparison of RNA levels will be adequate and will decrease the 
cost of the initial diagnosis. Higher mutant form to wild-type ratios will be 
correlated with higher risk whether RNA levels are compared qualitatively or 
quantitatively. 

Other embodiments are within the following claims. 



10 
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Characteristics of Rl^Qyynxc^K, 

Group I Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 
sue. 

Binds 4-6 nucleotides at 5* side of cleavage site 
Over 75 known members of this class. Found in Tetrahymena 
thermophila rRNA, fungal mitochondria, chloroplasts. phaoe T4 
blue-green algae, and others. • h y« ih, 

RNAseP RNA (Ml RNA) 
Size: -290 to 400 nucleotides. 

RNA portion of a ribonudeoprotein enzyme. Cleaves tRNA 
precursors to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Rlbozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5* of the cleavage 
site^^ ^ variable number nucleotides on both sides of the cleavage 

14 known members of this class. Found in a number of plant 
pathogens (vimsoids) that use RNA as the infectious agent (Figure 

Hairpin Rlbozyme 
Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3* of the cleavage 
site. ^ 

Binds 4-6 nucleotides at 5* side of the cleavage site and a variable 
number to the 3' side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the infectious 
agent (Figure 3). 

Hepatitis Delta Virus (HDV) Rlbozyme 

Size: SO • 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined, 

although no sequences 5* of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 
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Neurospora VS RNA RIbozyme 

Size: -144 nucleotides (at present) 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully detemiined. 

Binding sites and structural requirements not fully determined. Only 

1 known member of this class. Found in Neurospora VS RNA 

(Rgure 5). 
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Tahlft All: Human Stromal vain Hammerhead Tamrt. Ri.q,iAnrft 
nt 

Eoai^ Sequence seq. m no 
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14 
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NO. 
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ID. 
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ND. 
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1733 ClMXStCPMSXjfCXXSJMXJJ ID. VD. 32 

1769 OXMXJURAUA 33 
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Xabte Mil: Human StromelvBin HH Targ et SfftT^^^ 
Position Target Sequence Seq. ID, NO. 



ID 




ID. 


NO. 


34 


21 




ID. 


TO. 


35 


27 


^^GACAACftlJmG^mjA A3UAAMCEW3CX3C3A 


ID. 


m. 


36 


31 


A^^CAUTOOOJMGUA AMCOGUOGAAAUG 


ID. 




37 


S3 




ID. 


ND. 


38 


55 


QSAAAUSAflGftQUaja a3U«XUACUGCJUG 


ID. 


ND. 


39 


56 
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ID, 
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ND. 


41 
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42 
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NO. 


44 


86 




ID. 


NO. 


45 


90 
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ND. 
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ID. 


NO. 


47 
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<^^^^"3CXJCAOCXM^ CTUUGGATOGaGOXS 


ID. 


NO. 


48 
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ID. 


NO. 
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Q«3C3«3«5AftOaUU GUUCMAAWJWUOIA 


ID. 


ND. 


50 


145 


CAGC3ffl3AAC)GUUGUa C3^GAAAIlAUaiK3AA 


ID. 


NO. 


51 


146 


AXWjMOCUUGUUC i^SWU^ISmSVQAAA 


ID. 


NO. 


52 
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ID..ND, 53 
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ID. 


^D. 


54 
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ID. 


NO. 


55 


165 


^^^^^^^^UftSAAAMUA OJROSAOCUCAAAAA 


ID. 


NO, 


56 


168 




ID. 


NO. 


57 


175 


^^^^^^CXPCUAOGRO^ AAAAAASADQUGAAA 


ID. 


NO. 


58 
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^^^^GAKJCAAW^^ UjUUMGBGftftA33A 


ID. M). 


59 


196 




ID. 


NO. 


60 
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199 UGUGAAACMSGUCXjUCJ i^GGMSAAAGSACMSCJ ID. N3. 61 

200 G[XaAAa«JUUGJJUA GGAGAAflGGfiOaC ID. ND. 62 
218 MAAftOGM»QUQC3UC OUQCraJUAAAAAAA ID. ND. 63 
223 OGfiOGUGSUOOUaUU GUUAAAAAAAIXXX3A ID. ND. 64 

226 C2«X3Ga3XQCXJ3UU AAAAAAMXHSftGAA ID. tX). 65 

227 MUOjUOCUQUaSUCJA AAAAAADOOSftGAAA ID. NO. 66 
235 OSMAAADXJlGMG ID. NO, 67 

252 GMSAAMUQCnSAAGCJU OaJUQGAimSMXSC; ID. NO. 68 

253 ASAAftOaCMAftQUUC aXJ3GMW3GMGUG ID. NO. 69 
256 AAIXaCAGAAGOmXJ GSADUGGPiQaCJGftOG ID. NO. 70 
261 CXSA03UGft0333GAA ID. NO. 71 
285 0QQGGAAQaX3GAax: OSACROXXJOGAQGU ID. NO. 72 
293 CXXXXJXXXSfCPOXl UQG?«3CJ3AU30C3CA ID. NO. 73 

325 Q0CCfiGaUGO33ftGUU CCOGftUGCXXXaxaC ID. VO. 74 

326 oaCflGSUGCXSGfiGUUC C03WJGCW39CX»aJ ID. N3. 75 
334 U3G?«JUCrXX3AIJGUU QGUC3CUUCM3AAa: ID. ND. 76 
338 GUUaCUGAU3UCX33UC ^OXXSGAMXIWr ID. NO. 77 

342 aXSWJGUOQGUCACUU CWGAAOSmrUSG ID. ND. 78 

343 U3AU3C3UaGUCW3JUC W3AJCCUUUC3CCJ3QC ID. rO. 79 

351 GUaOJUCRGAMaUU UXUOQCAUaoaGAA ID. NO. 80 

352 U3y3UUCW3AftOCUUU (XXX^OCmXXXSM^ ID. ND. 81 

353 CACUUCMA?OCUUUC CU3C3CAlXX)OGAflGU ID. NO. 82 
361 AAOXIUaoajQGCAlX OOGAAGOQGJOjftAA ID. NO. 83 

385 GftGGAAAfiOXAOOUU ACMJPOGCMWGUG ID. ND. 84 

386 ft3GAAAAOaCAOaX]2V ID. ND. 85 
390 AAAOOCAOCXXJACNJ^ CPG3MJX3J3MiXSi ID. ND. 86 
397 (XUURCRUftCMGAIXJ GOGAAUUWJRCAOCA ED. NO. 87 

404 UKMGWJU3UGAAUU i^UfiCftOC»GAIXXX3C ID. ND. 88 

405 AIMSAIXXSOGAMJUA UACftCX^SMXTOX ID. ND. 89 
407 P02K5^X3J3MaiJMJPi CPOXfUJJOCCMi ID. NO. 90 

416 AADUAU?O0C?tfjMJU UGOCAAAMjKJGCUG ID. ND. 91 

417 PUiJPnNXCUsMJJO GQCAAAASALCGUGU ID. ND. 92 
433 GOZAAAAGAUQCUGUU GALWCUGOXSCWSG ID, NO. 93 

437 AAMAIiniSWEAUU aJQGUGOCMSAM ID. ^D. 94 

438 AAGAIJQCUGLUSALKX: UXUSUCEAGAAWT ID. NO. 95 
445 U3UaSAIJUCUQCUGUa GfGAAWTUOJGAAA ID. ND, 9c 
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455 
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ID. NO. 189 


1009 




ID. NO. 190 


1020 




ID. NO. 191 


1025 


^^^^^OOJSAALIUXa^ U3AD3UCUUCAEXX3U 


ID. NO 192 


1026 


^^^^^^^="3AMJUGC^^ GMJOJOJUCMXms 


ID JTI 107 

v9sMm 


1030 


^•^^^^^^^^^^'^^^ U3X3CAUUUUQQCCA 


JLU. r«j. lj74 


1032 


^^'^^^"scTmcAi^ uuamxx3QocAa: 


ID. NO. 195 


1034 




ID. NO, 196 


1035 




ID. NO. 197 


1038 




ID. NO. 198 


1039 




ID. ND. 199 


1040 


^^"^AUcuixjucAuuuu Gaocauaucuuocuu 


m. NO. 200 


1047 




ID. NO. 201 


1049 




ID. ND. 202 


1051 




ID. NO. 203 


1052 


^^"^^^^3Q0Q«mJUC CUUCAGQOGUaGALG 


ID. NO. 204 
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1A6 



1055 




1056 




1074 


OOXOGAIJGOOQCSSkUA lX5?tfOXB«JMCAA 


1081 


U30GQCAUAIX3AAGUU XUMSCA/^GGAOGUC 


1082 




1085 




1096 


uAouRGOijoamx: guuuucaduuuuaaa 


1099 


UMCAMGftOaxmj UUCAUUUUUAAMGA 


1100 


MCMOGAraXXJJUU UCAUUUUUAAMGAA 


UOl 




1102 


G^AGG?mX3GCJUUaC AUUCXXIAAAGGAAALJ 


nos 


OQAGCix^GuuuucAuu uuuaaaggaaau::a^ 


1106 


GA0CXX3GUUUUCMJUU UJMftOSAAADCAMJ 


1107 


i^OCXX3^XXXX3VUUUU UAAMGAAAUCAAUU 


1108 




1109 


CCXEUUOUCAUUOUUA AMGAAAUCAAUUCU 


1118 


AUUIXJUAAMGAAMX: AAUUCOQQQOCAUCA 




OUAAMGAAAUCAMJU aJOOaOCACXaGfiGG 


1123 


UAAAGGAAAIJCAMJUC U33G0C:A[X::W3AGGA 


1132 




1147 




use 




1171 


AUAaxaW303C3ttX: C3OraX3nGGU0UC 


1180 


MQC3tfX3C3CAOOaaA QGUUCJOOCUaMOC 


1184 




1185 


U3CX3U30aafiGGUUU CDCXXrAAOOSUGKG 


1186 




1190 




1207 


AAOOSUGAQGAAAAO: GAUQGAGGGAUUUOJ 


1219 


AAUDQADQCAGOCAIX; UOCXSAUAAOGAAAMS 


1220 




1221 


U3:iALa3«XMJUUC UGAUAAGGAAAAGAA 


1226 




1245 




1247 




1248 





PCTAJS9S/IS516 

m. N3. 205 
ID. ND. 206 
ID, ND. 207 
ID, ND, 208 
ID. ND. 209 
ID. ND. 210 
ID, ND. 211 
ID. ND. 212 
ID. MD. 2D 
ID. ND. 214 
ID. ND. 215 
ID. ND. 216 
ID. ND. 217 
ID. ND. 218 
ID. ND. 219 
ID. ND. 220 
ID. ND. 221 
ID. ND. 222 
ID. ND. 223 
ID. ND. 224 
ID. ND. 225 
ID. NO. 226 
ID. ND. 227 
ID. ND. 228 
ID. NO. 229 
ID. ND. 230 
ID. ND. 231 
ID. ND. 232 
ID. ND. 233 
ID. ND. 234 
ID. ND. 235 
ID. NO. 236 
ID. ND. 237 
ID. ND. 23fi 
ID. ND- 239 
ID. ND. 240 



wo 96/18736 



PCT/US9SflSS16 





GAACAAAftCAUAUUCX^ UUCX3UAGW3GACAAA 


ID. lO, 


241 


1251 




ID, ND. 


242 




l"'"'!^ Ik 11% i'tlkfTIk twicer « ir* — — . _ _. — 

u\AAACAuauWjUUU guagaggacaaauac 


ID. NO. 


243 




AACAuAuCaIuUUUGUA gaggacaaauacuqg 


ID. NO. 


244 




(XX^IAGAGGACAAAUA. 0UGGAGAUUUGAD3V 


ID, ^D. 


245 




AOtf^AURCUGGAGAlXJ UGAUGMSAffiMAAA 


ID. NO, 


246 




CAAAUAaj3GAGA3JUU GAU3fiGAflGW3AAAU 


ID. NO. 


247 


1292 


GADSRGAMWSAAAUU 


ID. ND. 


248 


1293 


AUGAGAAGAGAAAUX: CAU3QAG0CMmXJ 


ID. (D. 


249 


1308 


OCAU33AG0CK93CUa UOOCAAGCAAAUrac: 


ID. ND. 


250 


1309 


CAlXaSAQOCMQaUUCJ OOCaMCAAAUAGCU 


ID. NO. 


251 


1310 


AU3GAGaC3V3XUUUC CTAAGCAAAIJAQCUG 


ID. ND. 


252 




ou^JUXCMGaytfiix?v gcugaagacuuuoca 


ID. NO. 


253 




AAAUAGCUGAAGACUU UXA3QGAUEA0UC 


ID. NO. 


254 




AMMOXaAAGACUUa OuAQSGAUUGACUCA 


ID. NO. 


255 




^^^^^'^'^QCIXSAAGACUUCX: CAQQGAUUGACUCAA. 


ID. NO. 


256 




^^GACUUU3CA03GA1JU GACUCAAAGAUUGAU 


ID. NO. 


257 




U^^^^^C^GOGAUUGACUC AAAGAUUGALJOCUGU 


ID. ND. 


258 




^^^^^SACUZAAAGAUU GALGCUGUUUUUGAA 


ID. NO. 


259 




AAAGAUUGAUXU3UU UUUGAAGAAUUUQQG 


10. NO. 


260 


1J04 


AA®l«3ftDtXIJGUCW UUGAAGAAlXWmj 


ID. NO. 


261 


1j65 


^^GA[rattX3CUGUUUU UGAMAAUUUQQGUU 


ID. ND. 


262 


1366 


GMXX3AU3CU3UaTO GAAGAAUUUQQGUUC 


ID. ND. 


263 


1374 


CtGUUUUUGAAGAAUU U333UUCUUUCjRUUU 


ID. ND. 


264 


1375 


^^^s^Ju^jy^xsftAGAAix^ GQcmiimjwxju: 


m. ND. 


265 


1380 


^WSAAGAAUUUQQQUU OmiAUUUCUUUAC 


ID. ND. 


266 


1381 


^^3AMRAim33GUUC aJUUAIJUUCUUUAOJ 


ID. ND. 


267 




^^^^^3AAUUa3QQUUCUU UGAlXraJUUACUGS 


ID. ND. 


268 




^^GAAUraSOGCXJCUUU IJBmmJUACUQGA 


ID. ND. 


269 


1385 


^^^^'^^^^J^^^GC^^ AUUUCUUUA0UG3AU 


ID. ND. 


270 


1386 


^■^^^^^^^^^^^^CmX^^ UJUCUUUAOJQGAU: 


ID. ND. 


271 


1388 


UUU33GW2UUUUAUJ UaJUUACUQCSAUCUU 


ID. ND. 


272 


U89 


^waamimjAiJuu amojoGAucuuc 


ID. NO. 


273 


D90 


U33GcmjuuuRuuuc uuuAcuaaijaxjCA 


ID. MD. 


274 


1392 


UACUQGAIXIUUCACA 


ID. ND. 


275 


1393 


GUIXIIUUUAIUUUCUUU ACU3GALm]CACAG 


m. ND. : 


276 
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1394 


oxmxmxjucouuA cjoGmcwcpcpaj 


ID. 


NO. 


277 


1401 


imrUUUACUQGAir lUZPCMUOISftGOU 


ID. 


ND. 


278 


1403 




ID. 


NO. 


279 


1404 


UaJUUAOJOQAUCUUC PaaJJ33MIMJ3k 


ID. NO. 


280 


1410 


aJ3GfnjXXXX3JJ QGAGUUUGAaGCAA& 


ID. NO. 


281 


1416 


CXJUCACAGUU33^ UGAOGC3\AA]JGC3UA 


ID. 


ND. 


282 


1417 


UUCMaGCXI3GAGUUCJ GAO0C»AAIJQCAA?G 


ID. NO. 


283 


1448 




ID. 


NO. 


284 


1449 




ID. 


NO. 


285 


1457 


CACACUUUGAASVGU?^ A:3GaJG9CUUAAUJ 


ID. 


NO. 


286 


1468 




ID. 


NO. 


287 


1469 




2D. 


ND. 


288 


1472 




ID. 


NO. 


289 


1475 




ID. 


NO. 


290 


1485 


MJUGOUGAAAGAGAUA UGUT^SAMQCACAAU 


ID. 


NO. 


291 


1489 




ID. 


ND. 


292 


1501 


U3Un3AA0QC3O^AU^ IX33GCAOUUUAAAU3 


ID. 


NO. 


293 


1510 


CACAAU2m3QCAaXJ UAAAUGAMXXIAAISV 


ID. 


NO. 


294 


1511 


?Cl\PVMX33XXXXJiJ AAAOS^AOCUAAUAA 


ID. 


N3. 


295 


1512 


CAAUWJQQQCftCUUUA AAUSAMCUAAUAAU 


ID, 


NO. 


296 


1522 


a::uuuaaaijgamcua auamxxxhtaocua 


ID. 


ND. 


297 


1525 




m. 


NO. 


298 


1528 




ID. 


NO. 


299 


1529 


iOaMOajAAUAAUOC UCXaOOOAAGUCUaj 


m. 


MD. 


300 


1531 




m. 


NO. 




1532 




ID. ito. 




1537 


AAUAftUCXIXXaOCUA AGUOXIJSUGAAUUG 


ID. 


NO. 


303 


1541 




ID. 


NO. 


304 


1543 




ID. NO. 




1551 


UAAGUCUGUGU3AAUU GAAAIJGUUQGUUUUC 


ID. 


m. 


306 


1559 


U3UGAAIXJG?VAAU3^ CGUCXUGUOOUGCni 


ID. 


NO. 


307 


1560 


QUGAAUUGAAAUGUUC GUUUUCUXXJGOCUG 


ID. 


NO. 


308 


1563 


AAIXXSAAMJGUUOGUU IXJOXXXJOCTUGUQC 


ID. 


NO. 


309 


1564 


imaAMJSUODGUUU IXIX^ 


ID. NO. 


310 


1565 


uuGAAwuQuuamw omxxnxsuoauG 


ID. 


NO. 


311 


1566 


uGAAArajuoGuuuoc uocuacxmmjGa 


ID. 


NO. 


212 
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1 /.Q 

i*f9 


1568 


AAMjQcxjosuuuuax: ax3a3J3uacxx3UGA 


1586 


QCx:a3UQax3uc3Aax: g?«x»cacucaa33 


1591 


u3auGa3fiaj33ftGuc iom^AfloasAfiOj 


1597 




1607 




1618 


MansAGOsuGAAUc: usuAuauuscaaGuc 


1622 




1624 


McxajGAAuouGUAUc uuQocxaxauuuuu 


1626 


03J^jMdXXJ3WXXJU GCXXSGUCAUUUUUAU 


1633 




1636 


UAlXIJUGaaCSQUCAUU IXUmJUAUUACMS 


1637 


AtXIXJGQCGGUCAUUU UUSmXJ^iUUAa^ 


1638 


UiXTOCTGUCAUUUU UAIJGUUAIJU?iCAGQG 


1639 


COU3CX33GUCAIJUUCW AUGUUAlXWMaGC 


1640 


UXXXXXSUCftDUUUUA U3UUMXJW3m9CA 


1644 


CXXSUCAUUUUUMJGUU MXJPCP033^mX:A 


1645 




1647 


UZAUUUUUA£JGUUAUU iOOQGCALXJCAAAU 


1648 


CAUUUUUftUSUUMXIA CMQXAtJUCAAMJG 


1657 


GUU?\UURaGQ3CAlIJ O^AAlJQaQCUQCUX: 


1658 


UUAIXJJOQQQCAU^ AAAD3QQCU3CUGCU 


1674 




1675 




1679 




1686 




1689 


UAOocxxsommx: poupcpgj^mxjju 


1694 


U3CACGUUGD:3CAUA GAGUGALmJUOOCA 


1702 


Guaom»ouG»uc uuuqocaagagaaos 


1704 


CPCNJfCPaXSMJOJU IXrCAAGa^GAAOQQG 


1705 


A^^AUAGAGGGAirUUU 0GCAAGAGAA0C9GGA 


1706 


CAUAGAGUGAUOUUUC CTAAGAGAAQOaSAA 


1727 


ASAAGCaaGAAOCACLC GUGUOCAACAGACAA 


1751 


CAGACAAGUGACUGUA UCUmJAOCUALJU 


1753 


GACAAGUGAOISUAUC: UGUGUAGACUAUUUG 


1759 


USAajSUAlXXrSUGUA GACUAimmiAIXJ 


1764 


GUAIJCUGUGUTCAOJA UlXXmJAUUUAAUA 
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ID. 




313 


3D. 


ND. 


314 


ID. 


N3. 


315 


ID. 


ND. 


316 


ID. 


N3. 


317 


ID. 


ND. 


318 


ID. 


ND. 


319 


ID. 


MD. 


320 


ID, 


NO. 


321 


ID. 


ND. 


322 


ID. 


NO. 


323 


ID. 


ND. 


324 


ID. 


MD. 


325 


ID. 


ND. 


326 


ID. 


ND. 


327 


ID, 


MD. 


328 


ID. 


NO. 


329 


ID. 


NO. 


330 


ID. 


NO. 


331 


ID. 


NO. 


3 .'^ 


ID, 


NO. 


333 


ID. 


NO, 


334 


ID. 


NO. 


335 


ID, 


NO. 


336 


Tn 




J J / 


ID. 


NO. 


338 


ID. 


NO. 


339 


ID. 


ND. 


340 


JJJ. 


rU. 




m. 


NO. 


342 


m. 


NO. 


343 


m. 


NO. 


344 


ID. 


ND. 


345 


ID. 


NO. 


346 


ID. 


NO. 


347 


ID. 




348 
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1766 


^'^^OJJXIS<3IPCXJ^ IJ3GUUAUUUAAUAAA. 


ID. 


MD. 


349 


1767 


^^^^raiSUSGAOJADUU GCUUAUUUAAUAAA3 


m. 


MD. 


350 


1771 


USURGACUAUCXJOOUa AUUUAAUAAWSAOSA 


ID. 


tD. 


351 


1772 


GURGACUftIXX13CUUA UUUAAtlAAfiGADGAIJ 


m. 




352 


1774 




ID. 


^D. 


353 


1775 


(SfOJPmxXJXSMXXJ M£2AAM3AOSADUUG 


ID. 


ND. 


354 


1776 




ID, 


N3. 


355 


1779 


^^3LIUU3CUU3mJAAIJA AAGACXSAUUUGUCfiG 


ID. 


N3. 


356 


1788 


^^J^^^^AUAAAGAOMJa UGUOGCXJGUUUU 


ID. 


ND. 


357 


1789 




ID. 


NO. 


358 


1792 


AUAAAGROatXmx: A3UUGUQUU 


ID. 


^D. 


359 



WOM/18736 PCT/OS95/155K 

nt 



PosLtion 


Target Sequence Seq. ID. NO. 




G6 


CUftCU GUJ GCUCSUQOQCJGOCftGa 


ID. 


ND. 


360 


82 


tJ30a GCXJ UXUa«nMX3CA 


m. 


ID. 


361 


232 


AAADl GCXJ U2USO»GAAAa3l 


ID, 


N3. 


362 


430 


^«ru GUU GADUCUOCUGtlJGftG 


ID. 


NO. 


363 


442 


CCX3CU GUI GftGAAMOUCUGAAA 


ID. 


NO. 


364 


775 


GfiC CUGACUOaOUUDOOC 


ID, 


NO. 


365 


1360 


AD3CU GLU UUUGAMMU0UI393 


ID, 


ND. 


366 


1407 


GUJ OGAGUUUSftOCJCAAA 


ID. 


NO. 


367 
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973 AAAGAACA CUGADGAQQCCXaUU^GGCXXSAA AAUUOCUC 

977 COTUAAAG amW5AOGCCGAAAGC30CGAA ACAGAAUU 

978 UCUUUAAA CTGAtX»GCKXX3AAAGGCCGAA AACAGAMJ 

980 UGUCUCKA CUG^UGAGGCCX3AAAOGCX3GAA AGAACAG^ 

981 OUSUCUUU amU8AOCXX:GAAiU3GCXXAA AAGAACAG 

982 CCDGOCUU CU3AOGAOSCCGAAAGGCOQAA AAAGAACA 
992 GCCAGAAA. CUGADGAGCXXXSAAAGGCOGAA ACCOGUCU 

994 GOGCCAG^ CUS;iUGAGGCCGAAA0GCXX3AA AOACCUGU 

995 UQOOCCAG OXS^UGAOGCOGAAAGGCXXSAA AAUACCUG 

996 UCIGOGQCA CtlQADSAOGCCGAAAGCXXmA AAA0ACCU 
1007 UCOJGAGG COSAOGAGGCCGAAAGOCOSAA ACUUOCGC 
1011 AGAAUCXra OXSAIXSAGGCCGAAAGGCCXSAA AOGGACUO 

1017 QGUUCGAG CUGADGAOXCGAAAOGCCXaUl AUGCUGAG 

1018 AGGUUOGA CUGAUSAGGCOGAAAGGOOGAA AAUCOXSA 
1020 HCAOGUUC OXSAUGAOGCXXAAAGGCXXSAA AGAAtXXrU 

1031 OTGAOGAGGCCGAAAGGCCGAA ACUCAGGU 

1032 AUCAAAUG CIXSAUGAOGCCGAAAGGCOGAA AACOCAGG 

1033 GAUCAAAU OXSATX^GGCXXyUlAGGCaSAA AAACOCAG 

1036 AGAGAUCA OXSAUGAGGCCGAAAOGCCXSAA AUGAAACU 

1037 AAGAGAXJC aXMX»GGCOGAAAOGCCGAA AAUGAAAC 
1041 AAOSAAGA OXSADGAOGCCGAAAGGCCXSAA AUCAAAUG 
1043 AGAAUGAA CUGAUGAGGCCGAAAGGCCGAA AGAUCAAA 

1045 CXAGAAUG CUGAUGAGGCXrOAAAGGCCGAA AGAGAUCA 

1046 GCCAGAA0 C0GAUGA0aCOGAAAO0CX3GAA AAGAGAUC 

1049 AOGGCCAG CUGAIXSAOOCCGAAAGOCOGAA AUGAAGAG 

1050 GAUGGCCA OXyvUGAOGCCGAAAnGCCDGAA AAUGAAGA 
1058 AAGGAAGA CUGAUGAGGCCGA/ ■ -t OXSAA AUGGCX2AG 
1060 DGAAGGAA CUGAUGAGGCXGA^ V,-COGAA AGAOGGCC 

1062 GCOGAAGG OXSAUGAGGCCGAAAOGOCGAA AGAGAUGG 

1063 UGOXSAAG OXSAtlSAOaCCGAAAGGCCGAA AAGAGAUG 

1066 CACUGCUG OXMXSAGGCCGAAAGGCCGAA AGGAAGAG 

1067 CCACUGCU CUGAUGAGGCCGAAAGGCCGAA AAGGAAGA 
1085 UAACUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCAGCA 

1092 CUGCUAAU COQAUGAGGCCGAAAGGCOGAA ACUUCAUA 

1093 CCUGCUAA CUGACK3AGGCCGAAAGGCCGAA AACOUCAU 

1095 UCCCUSCU CUGAUGAGGCCGAAAGGCCGAA AUAACUUC 

1096 AUCCCUGC CUGAUGAGGCCGAAAGGCCGAA AAtlAACUU 
1105 GAAAACAG CUGAUGAGGCCGAAAGGCCGAA AUCCCOGC 
1110 AAAAUGAA OIGAUGAGGCCGAAAOOCOQAA ACAGUAUC 
mi AAAAAU3A CUSAUGAGGCCGAAAOOCCGAA AACAGUAU 

1112 tIAAAAAUG CUGAUGAGGCCGAAAOGCOGAA AAACAGOA 

1113 UUAAAAAU CUGAUGAGGCCGAAAOGCOGAA AAAACAGU 
Ills CCUUUAAA CUGAUGAGGCCGAAAOGCOGAA AUGAAAAC 
111*^ UCCUUUAA CUGAUGAGGCCGAAAOGCOGAA AAUGAAAA 

1118 UUCCUUUA CUGAUGAOGCCGAAAOGCOGAA AAAUGAAA 

1119 GUOCCUUU CUGAUGAGGCCGAAAOGCOGAA AAAAUGAA 

1120 AGUUCCUU CUGAUGAGGCCGAAAOGCOGAA AAAAAUGA 

1129 CCAGAACU CUGAUGAGGCCGAAAGGCCGAA AGUUCCUU 

1133 UGGCCCAG CUGAUGAGGCCGAAAGGCCGAA ACUGAGUU 
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1134 

1143 

1144 

1158 

1168 

1169 

1182 

1195 

1196 

1197 

1201 

1202 

1209 

1218 

1230 

1231 

1232 

1237 

1256 

1259 

1260 

1262 

1263 

1277 

1286 

1287 

1304 

1319 

1320 

1321 

1330 

1332 

1343 

1344 

1345 

1353 

1354 

1357 

1365 

1374 

1375 

1376 

1377 

1385 

1386 

1391 

1392 

1393 

1394 
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ADC3GCCCA CUGAlK^OGCOauuUJOCCGAA AACUGAGU 
UOOCOKXJ CW3AUGW3C3(XGAAAGGCCXauV ADGGCXXA 
AOUUOCUC CUGAUGAOCSCCXSAAAGGOOaAA AAOQGCCC 
CCAGCOTC (WSBVOGAOGCCGAAAGGCCXJAA ACCUCAUU 
UCUlXSOGa aX3MXaU3(XCGAAAOCXXMA^ ACCAGCUU 
TOCUtXSGG aj3MK5AOGCCGAAAGGCCX3AA AACCAGCU 
AGGGtXSOG CUGWXSAGQOCXSAAAGGCOGAA AUGCUUCU 
«3AAGGGA OXSAIISAOOCOGAAAGCXXXSAA ACCCAGOG 
W3AAGQG OXaXXSAOOCCGAAAGGCCGAA AACCCAGG 
GDW5AAGG OXSADSAGOCCGAAAOGCCGAA AAACCCAG 
^JAWQGUUG CW»IK»GGCCGAAAGGCOGAA AGGGAAAC 
O QWQG W CUGAW5AGGCCGAAAGQC0GAA AAGGGAAA 
AUOroUCa COSAOSAGOCXXSAAAGGCXXaA AWQGOOGA 
GCAGCAOC COGAIXSAOGCCXaVAAGGCOGAA AUUUUUCU 
UOADCAGA OTSACXSAGGCCGAAAGGCOGAA AUGGCAGC 
CUUAUCAG CUGAUGAGGCCGAAAGGCXXSAA AAUGGCAG 
CCOTAUCA CUGACXSAOGCCGAAAGGOOGAA AAAOGGCA 
CCUUUCCU CUGAUGAOGCtXaUUtfXXOGAA AUCAGAAA 
CAAAGAAG OXSaDGAQGCCGAAAGGCCGAA AUGUUUUC 
CCACAAAG OXaUISAGGCCGAAAGGCCGAA AGUAUGUU 
UCCACAAA CUGAUGAGGCCGAAAGGCCGAA AAGUAUGU 
COUCCACA CUGAIX3AGGCCGAAAGGCCGAA AGAAGUAU 
UCUOCCAC COGAUGAGGCXX^AAOGCCGAA AAGAAGUA 
ACCOCCAG CTGAUGAGGCCGAAAGGCCGAA AUUUGUCU 
UCOCA0CA CTGAUGAGGCCGAAAGGCCGAA ACCUCCAG 
UOCUCAUC CUGAUGAGGCCGAAAGGCCGAA AACCUCCA 
GCUCCAGG OXjAUSAGGCCGAAAGGCOGAA ACUGUCUC 
OTCUGGGA CUGAOGROGCCGAAAGGCCGAA AGCCUGOC 
ugucuggg CUGAUGAOQCCGAAAOGCCGAA AAGCCUGG 
AUGUaXKS OJGADGAQGCCGAAAGGCCGAA AAAGCCUG 
UUCUGCUA CTOAtXSAGGCCGAAAGGCCGAA AUGUOJGG 
UCUUCU3C CUGAtJQAGGCCGAAAGGCCGAA AUAUGUCU 
UUCCTOGA CUGAOGAQGCCGAAAGGCCGAA AGUCUUCU 
AUUCCUQG CUSAOSAGGCOGAAAGGCCGAA AAGUCUUC 
AAUUCCUG OXSAUSAGGCCGAAAGGCCGAA AAAGUCUU 
UUUGGAUU CUGAUGAGGCCGAAAGGCCGAA AUUCCUGG 
CUUUSGAU CUGAIX5A0GCCGAAAGGCCGAA AAUUCCUG 
GAUCOinXS CWSMXSaGGCCQAAAGGCOGAA AUUAAUUC 
ACAGCAUC CUGAUSAGGCCGAAAGGCOGAA AUCUUUOG 
OCUUCAAA CUGAtXSAGGCCGAAAGGCCGAA ACAGCAUC 
UGCUUCAA CUGAUGAGGCCGAAAGGCCGAA AACAGCAU 
PSXXVOCA CUGAUGAGGCCGAAAGGCCGAA AAACAGCA 
AAUGCUUC CUGAUGAGGCCGAAAGGCCGAA AAAACAGC 
AAAACCCA CUGAUGAGGCCGAAAGGCCGAA AUGCUUCA 
AAAAACCC CUGAWSAQGCCGAAAGGCCGAA AAUGCUUC 

AAUAGAAA CUGAUGAGGCCGAAAGGCCGAA ACCCAAAU 
AAAUAGAA CIXSAWSAOGCCGAAAGGCOSAA AACCCAAA 
GAAAUAGA CUGAUGAQGCCGAAAOOCCGAA AAACCCAA 
AGAAAUAG CUGAUGAGGCCGAAAGGCCGAA AAAACCCA 
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139s aagaaaua cugaugaggoogamogcogaa aaaaacoc 

1397 toaagaaa cugauga0gccgaaaggccx3aa agaaaaac 

1399 aojgaaga cugaugaggccgaaaggcxxiaa auagaaaa 

1400 cacugaag cugaugaogccgaaaggccgaa aauagaaa 

1401 cx:acugaa oxsaugaogccx^aaaocxxxiaa aaauagaa 

1403 auccacug c0gauc5aggcxx»aaggccgaa agaaauag 

1404 gauccacu cugatj3aggccgaaaogccgaa aagaaaua 
1412 aoksugaa cugaugaogccgaaaggccgaa auccacug 

1414 cgacugug cosaugaogccgaaaogccgaa agauccac 

1415 ccgacusu cugausaggccgaaaggcogaa aagaucca 
1421 caaacucc cugaugaogccgaaaggccgaa acugugaa 

1427 uuogguca cix3augaggccgaaaggc0gaa acuccgac 

1428 uuuggguc cusaugaogcogaaaogccgaa aacuccga 

1458 cucuucaa oxsauqaogocgaaaggcogaa acaugogu 

1459 gcocuuca cugaugaggcc6aaa0gc0gaa aacaugug 

1460 ugcucuuc oxsaugaogccgaaaggccgaa aaacaugu 

1478 aacacuga cugaugaogccgaaaggccgaa accagcug 

1479 ijaacacug cugaugaogccgaaaggccgaa aaccagcu 

1480 COAACACU CUGAUGAGGCCGAAAOGCOGAA AAACCAGC 

1486 CCCC U OCU CUGAUGAOGCCGAAAGGCCGAA ACACUGAA 

1487 ACCCCUCC CUGAUGAOGCCGAAAGGCCGAA AACACUGA 
1498 GCCUUCUA COSAUGAGGCCGAAAGGCCGAA ACACCCCU 
1500 GUGCCUUC COGAUGAGGCCGAAAGGCCGAA AUACACCC 

1519 UCAUUUAA CUGAUGAOGOCGAAAOGCCGAA ACAUUCAU 

1520 UUCAUUUA CUGAUSAOGCCGAAAGGCOGAA AACAUUCA 

1521 GUUCAUUU CUGAUGAOGCCGAAAGGCCGAA AAACAUUC 

1522 GGUUCAUU CUGAUGAOGCCGAAAGGCCGAA AA?' '.CAUU 
1532 UGAACAAU CUGAUGAOGCCGAAAGGCCGAA AC. OCAU 
1535 UGUUGAAC CUGAUGAOGCCGAAAGGCCGAA AUUAGGUU 

1538 AAGUGUUG CUGAUGAOGCCGAAAGGCCGAA ACAAUUAG 

1539 UAAGUGUU CUGAUGAOGCCGAAAGGCCGAA AACAAUUA 

1546 AAAGUCCU OXSAUGAOGCCGAAAGGCCGAA AGUGUUGA 

1547 CAAAGUCC CUGAUGAOGCCGAAAGGCCGAA AAGUGUUG 

1553 AAOKZACA CUGAUGAOGCCGAAAGGCCGAA AGUCCUAA 

1554 CAACUCAC CUGAUGAOGCCGAAAGGCCGAA AAOUCCUA 
1561 GCCACUUC CUGAUGAOGCCGAAAGGCCGAA ACUCACAA 
1571 GAGAAAAU CUGAUGAOGCCGAAAGGCCGAA AGCCACUU 

1574 CAOGAGAA CUGAUGAOGCCGAAAGGCCGAA AUGAGCCA 

1575 GCAOGAGA CUGAUGAOGCCGAAAGGCCGAA AAUGAGCC 

1576 UGCAGGAG CUGAUGAOGCCGAAAGGCCGAA AAAUGAOC 

1577 AUGCAOGA CUGAUGAOGCCGAAAGGCCGAA AAAAUGAG 
1579 AUAUGCAG CUGAUGAOGCCGAAAGGCCGAA AGAAAAUG 
1586 UCACAGCA CUGAUGAGGCCGAAAGGCCGAA AUGCAGGA 
1602 AUGCUCGA CUGAUGAOGCCGAAAGGCCGAA AUUCCCAU 
1604 UCAUGCUC CXJGAlXoAOGCOGAAAGGCCGAA AGAUUCCC 
1620 CAGOUAGA CUGAUGAGGCCGAAAGGCCGAA ACACAGUU 
1622 UCCAGUUA CUGAUGAOGCCGAAAGGCCGAA AUACACAG 
1624 AGUCCAGU CUGAUGAGGCCGAAAGGCCGAA AGAUACAC 
1633 GAUGUGCA CUGAUGAOGCCGAAAGGCCGAA AGUCCAGU 
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1634 CCSRDGOGC (XGAWSAGOrGAAAOQCCGAA AAGOCCAG 

1641 COOGOMC CWSAnC»Ga»»AAGGCCGAA AOGOGCAA 

1644 ACACCOGU OXSAUGAGGCOGAAAOGCCGAA AOSADGUG 

1645 AACACOOG COGAUSAGOXXSAAMCSCCGAA AACGAUGU 

1653 CCOGUOOS CUSAIXSAOCXXMmascCGAA ACACCOSU 

1654 GOCDGOUU OXMXSMXXXXSMMXXXXSM, AACACCOG 

1670 UOCAMCO CaSAOSAOaCOCaAAGGCCGAA AQCAOCAG 

1671 GOtSCAAGC CUGWX3AOGCOGAAAGC3COGAA AAGCAGCA 
1675 0CAMW3C axSAWSAatXCGAAAQCCOGAA AGCUAAOC 
1681 AOGOSAOC CWatfXaUSKMCSAAAQQCXJGAA AGUGCAAG 
1685 OOC3CAUQU CWSAOOAGGCCGAAAiSGCCGAA AUCAAGUG 

1701 OCOCGWSG OKMXatfKCOGAAAQCSCCGAA AGCUCXXU 

1702 GOCOCGUS OJSAtrauSGCCXSBUUUSGCXMAA AAOCOCCC 
1720 CACMK3W3 ajSAIXSAGQOOGAAAGGOOGAA ACOUCCCC 
1723 OCACACM; CUGa«JCaU2XXXSAAAGC»XJUl AGUACUUC 
1744 AUAGACAC CTOAWSAOGCCGAAAGOXGAA AUCACUCG 
1749 OCCACAUA CWaaXSAQGCOGAAAGCSCCCSAA ACACAAUC 
1751 AAUCCACA CWSAUGAOOXXSAAAGGCaSAA AGACACAA 

1759 GOOCAAAU COBAUGaOGCCXSAAAGQCCGAA AUCCACAU 

1760 OGGGCAAA CaSADGaaaa3G»AAGGCCGAA AAUCCAOV 

1762 AAOSGGCA COGADGAGGCOGAAACGCOGAA AUAAOCCA 

1763 URADGGGC CWJAWaVGQCCGAAAGGCCGAA AAUAAOOC 

1770 OAUUAAAO CUGAW3AQGC0GAAAGGCCXSAA AtWQGCAA 

1771 UUAUUAAA CUGAUISAQQCOtSAAAGOCCCSAA AAUGGGCA 

1773 COOUAUUA CWSAOGaOCXXXaAAGGCCGAA AUAAUGGG 

1774 aCOUUAOU CWSAUCa«WCCC»AAGGCCGAA AAUAAUCX! 
J .75 COCUOUAU ajQAUGAOGCCGAAAGOCCGAA AAAUAAtXS 
•^'^ AUOCUCUU CUGAUGAQGCOSAAAGCXXSSAA AUUAAAUA 
1787 AAUUGACA CTCSAOCaKSCCGAAAGGCCXSAA AUCCUCUU 
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W09d/18736 PCrAJS9V155l6 

Table BIL Human B7-1 Haxnmeiiiead Riboq^e Sequences 



nt. HHTaiget Sequence 
Position 



8 


AAACCCO 


C 


UGUAAAG 


12 


CCUCUGU 


A 


AAGOAAC 


17 


GUMAGU 


A 


ACAGAAG 


26 


CAGAA6U 


U 


AGAAGOG 


27 


ASAAGUU 


A 


GAAGGGG 


41 


GAAADSU 


C 


OOCUCUC 


AC 


GUOGCCu 


c 


uCuGAAG 


ilQ 


CGCCUCU 


c 


UxAAGAU 


l££ 
90 


uGaAGaU 


u 


ACCCAAA 


57 


GAAGAUU 


A 


CCCAAAG 


7b 




U 


CXJCJCAUU 


7o 


AGTOAUU 


U 


GUCAUUG 


79 


GADUUGU 


C 


AUUQCUU 


82 


UDGUCAD 


u 


GCUUUAU 


86 


CAUUGCU 


u 


OAUAGAC 


OY 


AUU3CUU 


u 


ADAGACU 


oo 
oo 




A 


UAGACUG 




GCOUUAU 


A 


GACIXjUA 


97 


AGACCXSU 


A 


AGAAGAG 


110 


AGAACAU 


C 


UCAGAAG 


112 


AACAUCU 


c 


AGAAGUS 


124 


GUGGAGU 


c 


uuACCxru 


126 


GGAGUCU 


u 


ACCOXjA 


127 


GAGOCUU 


A 


CXXrOGAA 


137 


OJGAAAU 


c 


AAAGGAU 


145 


AAAGGAU 


u 


UAAAGAA 


146 


AAGGAUU 


0 


AAAGAAA 


147 


AGGAUUU 


A 


AAGAAAA 


163 


GQQGAAU 


u 


ouocuoc 


164 


tXSdAAUU 


u 


OUCUUCA 


165 


GGAADUU 


u 


UCUUCAG 


166 


GAAUUUU 


u 


CUUCAGC 


167 


AAUUUUU 


c 




169 


OUDUUCU 


u 


CAGCAAG 


170 


UUUUCUU 


c 


AGCAAGC 


187 


UGAAACU 


A 


AAUCCAC 


191 


ACUAAAU 


c 


CACAACC 


200 


ACAACCU 


u 


UOGAGAC 


201 


CAAGCUU 


u 


GGAGACC 


221 


ACACXXU 


c 


CAAUCUC 


226 


CUCCAAU 


c 


UOJGUGU 


228 


CCAAUCU 


c 


USUGUGU 



nt HH Target Sequence 
Position 



236 


UGOGUGU 


U 


UUSUAAA 


237 




U 


UGUAAAC 


238 




U 


GUAAACA 


241 


GUUUUGU 


A 


AACAUCA 


247 


UAAACAU 


C 


ACUGGAG 


258 


GGAGGGU 


c 


UOCUACX: 


260 


AGGGUCU 


u 


CUACGUG 


261 


GGGUCUU 


c 


UAOGUGA 




GUCUUCU 


A 


CGUGAGC 


274 


GAGCAAU 


u 


GGAUUGU 


279 


AUUGGAU 


u 


GUCAUCA 


282 


GGAUUGU 


c 


AUCAGCC 


285 


UUGUCAU 


c 


AGCXXUG 


298 


UGCCUGU 


u 


UUGCACX: 


299 


GCXrUGUU 


u 


UGCACCU 


300 


CCU3UUU 


u 


GCACCUG 


322 


CCCTOGU 


c 


UUACUUG 


324 


CUOGUCU 


u 


ACUUGGG 


325 


UGGUCUU 


A 


COUGOGU 


328 


UGUOACU 


u 


GGGUOCA 


333 


CUU3GGU 


c 


CAAAUUG 


339 


UCCAAAU 


u 


GUUGGCU 


342 


AAAlKXaU 


u 


GQCUUUC 


347 


GUUSGCQ 


u 




348 


UUGGOJU 


u 


CACUUUU 


349 


UGGCUUU 


c 


ACUUUUG 


353 


UUUCACU 


u 


UUGACrC 


354 


UUCACOU 


u 


CX3ACCCU 


355 


UCACUUU 


u 


GACCOJA 


362 


UGACCCU 


A 


AGCAUCU 


368 


UAAGCAU 


c 


UGAAGCC 


404 


GGAACAU 


c 


ACCAUCr 


410 


UCACCAU 


c 


CAAGUGU 


418 


CAAGUGU 


c 


CAUACCU 


422 


UGUCCAU 


A 


CCUCAAU 


426 


CAUACCU 


c 


AAUUUCU 


430 


CCUCAAU 


u 




431 


CUCAAUU 


U 


CUUUCAG 


432 


UCAADUU 


c 


UUUCAGC 


434 


AAUUUCU 


u 


UCAGCUC 


435 


AUUUCOU 


u 


CAGCUCU 


436 


UUUCUUU 




AGCUCUU 
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441 


TOCAGCU C UOGGOOC 


443 


CAOCUCU U GGUGCUG 


457 


GGC03GU C UUUCUCA 


459 


CUGGUCU U UCUCACU 


460 


UGGOCOU U CUCACUU 


461 


GGUCUUU C UCACUUC 


463 


UCOUUCU C ACUUCOG 


467 


UCUCACU U CUGUUCA 


468 


CUCACUU C UGUUCAG 


472 


CUCXiniSU U CAGGUGU 


473 


UUCOSUU C AGGUGUU 


480 


CA0(3aau u auccaog 


481 


AGGUGUU A UCCAGGU 


483 


GUSUUAU C CACGUGA 


521 


ACOCOGU C COGUQGU 


529 


CUGtXSGU C ACAAUGU 


537 


ACAAUGU U UCUGOOG 


538 


CAAIXSJU U C0GUUC5A 


539 


AAUSUUU C UGUUGAA 


543 


UUUCUGU U GAAGAGC 


562 


ACAAACU C GCAUCUA 


567 


CUCXXrAU C UACUGGC 


569 


CGCAUCU A CU0C3CAA 


601 


C3CU3ACU A UC3AUGUC 


608 


AUGAOSU C UGGGGAC 


622 


CAUGAAU A UAUGQCC 


624 


UGAAUAU A UC^nCCCG 


635 


CXX3GAGU A ( -*'nAAC 


651 


GGACCAU C UUUGADA 


653 


ACCAOCU U UGAUAtJC 


654 


CCAUCUU U GAUAUCA 


658 


CUUOGAU A UCACUAA 


660 


UUGAUAU C ACUAAUA 


664 


UAUCACU A AUAAOCU 


667 


CACUAAU A ACCOCUC 


672 


AUAACCU C UCCAUUG 


674 


AACCOCU C CAUUGUG 


678 


UCUCCAU V GUGM3CC 


684 


UUGUGAU C CUGGCUC 


691 


COXSOCU C UGCGCCC 


701 


CGCCCAU C UGACGAG 


716 


GGCACAU A OGAGUGU 


726 


AGU3TOU 0 GUUCOGA 


729 


GUGUUSU U CUGAAGU 


730 


UCSUU5UU C UGAAGUA 


737 


CUGAAGU A UGAAAAA 


751 


AGACGCU U UCAAGCG 


752 


GACGCUU U CAAQCGG 


753 


ACGCUUU C AAGCGGG 



782 


OTSAOGU U AOCAGUC 


-783 


UGACGUU A UCAGUCA 


785 


AOGUUAU C AGUCAAA 


789 


UAUCAGU C AAAGCOG 


800 


GCIX5ACU U CCCUACA 


801 


CUC3ACUU C CCUACAC 


805 


CUUCCCU A CACCUAG 


811 


UACACCU A GUAUAUC 


814 


ACCUAGU A UAUCUGA 


816 


CUAGUAU A UCUGACU 


818 


AGUAUAU C UGACUUU 


824 


UCUGACU U UGAAAUU 


825 


CUGACUU U GA^AUUC 


831 


UUC5AAAU U CCAACUU 


832 


UGAAAUU C CAACUUC 


838 


UCCAACU U CUAAUAU 


839 


CCAACUU C UAAUAUU 


841 


AACUUCU A AUAUUAG 


844 


UUCUAAU A UUAGAAG 


846 


CUAAUAU U AGAAOGA 


847 


UAAUAUU A GAAGGAU 


855 


GAAGGAU A AUUUGCU 


858 


GGAUAAU U UGCUCAA 


859 


GAUAAUU U GCUCAAC 


863 


AUUUGCU C AACCUCU 


869 


UCAACCU C OGGAGGU 


877 


UGGAGGU U UUCCAGA 


878 


GGAGGUU U UCCAGAG 


879 


GAGGUUU U CCAGAGC 


880 


AGGUUUU C CAGAGCC 


889 


AGAGCCU C ACCUCUC 


894 


CUCACCU C UCCUGGU 


896 


CACCUCU C CUGGUUr: 


902 


UCCUGGU U (*;r;A&iVAn 


920 


GAAGAAU U AAAUGCC 


921 


AAGAAUU A AAUGCCA 


930 


AUGCCAU C AACACAA 


942 


CAACAGU U UCCCAAG 


943 


AACAGUU U CCCAAGA 


944 


ACAGUUU C CCAAGAU 


952 


CCAAGAU C CUGAAAC 


966 


CUGAGCU C UAOGCUG 


966 


GAGCUCU A UGCUGUU 


975 


AUGCU3U U AGCAGCA 


976 


UGCIX^^^IJ A C3CAGCAA 


991 


ACU3GAD U UCAAUAU 


992 


CUGGAUU U CAAUAUG 


993 


UGGADUU C AAUAUGA 


997 


UUUCAAU A UGACAAC 
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1016 


CACSmJ U CAUSOGU 


1315 


1017 


ACAGCUU C ADGUGUC 


1324 


1024 


CAWSUGO C UCAUCAA 


1334 


1026 


UGUGUOJ C AUCAAGU 


1335 


1029 


GUCUCAU C AAGUAUG 


1337 


1034 


AUCAAGU A UGGACAU 


1338 


1042 


UGGACAU U UAAGAG^ 


1342 


1043 


GGACAUU U AAfiAGUG 


1343 


1044 


GACAUUU A AGAGOCSA 


1350 


1054 


AGOGAAU C AGACXXK; 


1351 


1061 


CAGACCT U CAACOSG 


1352 


1062 


AGACCUU C AACUQCSA 


1359 


1072 


CIXXSAAU A CAACCAA 


1360 


1090 


AGAGCAU U UUCCUGA 


1361 


1091 


GAGCAUU U UCOJGAU 


1362 


1092 


AGCAUUU U CCUGAUA 


1369 


1093 


GCAUUUU C CUGAUAA 


1373 


1099 


ircCUGAU A ACCDQCU 


1378 


1107 


ACCOGCU C CCAUCCU 


1379 


1112 


CUCCCAU C CUGQGCC 


1381 


1122 


GGGCCAU U ACCUUAA 


1382 


1123 


GGCX:AUU A CCUUAAU 


1390 


1127 


AUUACCU U AAUCOCA 


1392 


1128 


UUACOJU A AUCUCAG 


1393 


1131 


CCUUAAU C UCAGUAA 


1394 


1133 


UUAAUCU C AGUAAAU 


1399 


1137 


UCOCAGU A AAUGGAA 


1400 


1146 


AUGGAAU U UUUGUGA 


1412 


1147 


UGGAAUU U UUGUQAU 


1413 


1148 


GGAAUUU U UGUGAUA 


1429 


1149 


GAAUUUU U GUGAUAU 


1433 


1155 


UUGUGAU A UGCUGCC 


1435 


1169 


CUGACCU A CUGCUUU 


1438 


1175 


UACUGCU U UGCCCCA 


1439 


1176 


ACUGCUU U GCCCCAA 


1440 


1214 


GAGAGAU U GAGAAOG 


1442 


1230 


AAAGUGU A CGCCCUG 


1448 


1239 


GCCCUGU A UAACAGU 


1455 


1241 


COXjUAU a ACAGUGU 


1456 


1249 


ACAGCISU C CX3CAGAA 


1460 


1275 


AAAAGAU C UGAAGGU 


1461 


1283 


UGAAGGU A GCXIXXG 


1466 


1286 


GUAGCCU C CGUCAUC 


1471 


1292 


CCOCOGU C AUCUCUU 


1473 


1295 


CXXWCAU C tJCUUCOS 


1474 


1297 


GUCAUCU C UUCUGGG 


1476 


1299 


CAUCUCU U CUGGGAU 


1477 


1300 


AUCUCUU C UGGGAUA 


1478 


1307 


CUGGGAU A CAUGGAU 


1486 



CAUGGAU C GIKX3QGA 
UGOGGAU C AUGAOGC 
GAGGCAU U CUUCOCU 
AOQCAUU C UUCCCUU 
GCAUUCU U CCCUUAA 
CAUUCUU C pCUUAAC 
CUWXCU U AACAAAU 
UUCCCUU A ACAAAUU 
AACAAAU U UAAGCUG 
ACAAAUU U AAGCUGU 
CAAAUUU A AGCUGUU 
AAGCUSU U UUACCCA 
AQCOSUU U UACCCAC 
GOJGUUU U ACCCACU 
CUGUUUU A CCCACUA 
ACCCACU A CCUCACC 
ACUACCU C ACCUUCU 
CUCACCU U CUUAAAA 
UCACCUU C UUAAAAA 
ACCUUCU U AAAAACC 
CCUUCUU A AAAACCU 
AAAACCU C UUUCAGA 
AACCUCU U UCAGAUU 
ACCUCUU U CAGAUUA 
CCUCUUU C AGAUUAA 
UUCAGAU U AAGCUGA 
UCAGAUU A AGCUGAA 
GAACAGU U ACAAGAU 
AACAGUU A CAAGAUG 
CUGGCAU C CCUCUCC 
CAUCCCU C UCCUUUC 
UCCCUCU C CUUUCUC 
CUCUCCU U UCUCCCC 
UCUCCUU U CUCCCCA 
CUCCUUU C UCCCCAU 
CCUUUCU C CCCAUAU 
UCCCCAU A UGCAAUU 
ATOCAAU U UGCUUAA 
UQCAAUU U GCUUAAU 
AUUUOCU U AAUGUAA 
UUU3CUU A AUGUAAC 
UUAAUGU A ACCUCUU 
GUAACCU C UUCUUUU 
AACCUCU U CUUUUGC 
ACCKUU C UUUUGCC 
CUCUUCU U UUGCCAU 
UCUUCUU U UGCCAUG 
CUlXrUUU U GCCAUGU 
GCCAUGU U UCCAUUC 
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1487 


CCAW30U U OCAUUCU 


1488 


CAUCTOU C CMJIXVG 


1492 


UUUCCAU U CUGCCAU 


1493 


UUDCAOU C U3CCADC 


1500 


C(X3CCAU C UOGAAUU 


1502 


GCCAVCU U GAAUUGU 


1507 


CUUGAAU U GOCOOGU 


1510 


GAAUUGU C UOGUCAG 


1512 


A01X5UCU U GOCAGCX: 


1515 


G0C01K3U C AGCCAAU 


1523 


AGCCAAU U CAUUAUC 


1524 


GCCAAUU C AUUAUCU 


1527 


AAXJUCAU U AUCUAUU 


1528 


AUOCAUU A aCOAUUA 


1530 


tICADUAU C UAUUAAA 


1532 


AUUAUCU A UUAAACA 


1534 


UATCUAU U AAACACU 


1535 


AUCUAUU A AACACUA 


1542 


AAACACU A AOUUGAG 
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Table BIIL Human B7-1 Hammeriiead Ribozyme Sequences 



nt. HH Ribozyme Sequence 
Position 

8 CUOUACA CTOJyUGAOGCCGAAAOGCCGAA AGGGOUU 

12 GUUACUU OIGAUGAOGCOGAAAOSCCGAA ACAGAGG 

17 CUtlCUGCJ OXSAtXSAOCSCOGAAAGGOCGAA ACUUUAC 

26 CXXUOCU CTOAtXSAGGCCGAAAGGCCGAA ACOUCDG 

27 (XCCUUC CXX3A0GAOGCCGAAAOGCCGAA AACOUCU 
41 GAGAGGC CCXSAtXSAGGCCGAAAGGCXXaA ACAOTUC 
46 CUUCAGA CUQAUGAGGCCGAAAGGCCGAA AGGOGAC 
48 AUCUUCA OOGAtlSAGGCCGAAAGGCCGAA AGAOGCG 

56 UUlKSGGa CUGAUGAGGCOGAAAGGCCGAA AUCOUCA 

57 CUUUGGG OXaVlWAGGCCGAAAGGCCGAA AAUCUOC 

75 AAUGACA CTOAUGAGGCCGAAAGGCCGAA AUCACDU 

76 CAAOGAC CTGAUGAGGCCXAAAGGOXAA AAUCAOJ 
79 AAGCAAU CTGAlXaU3GCCXa\AAGGCCGAA ACAAAUC 
82 AUAAAGC OXaUGAGGCXGAAAGGCCGAA AUGACAA 

86 GUCUAUA CUSAJUGAGGCCGAAAGGCCGAA AGCAAUG 

87 AGUCUMJ ax;AlX»<XXXX»JUWX3CCG^ AAGCAAU 

88 CAGUCUA OXSAUGAGGCCGAAAGGCCGAA AAAGCAA 
90 UACAGUC OKSAUGAGGCOGAAAGGCCGAA AUAAAGC 
97 CUCUUCU CCX3AIX5AGGCCX3AAAGGCCGAA ACAGUCU 
110 CUUCUGA COGAtXaWSGCCGAAAGGCCGAA AOGUUCU 
112 CACOUCU CUGADSAGGCCGAAAGGCCGAA AGAUGOU 
124 AGGGUAA CUGAU3AGGCCGAAAGGCCGAA ACUCCAC 

126 UCAGGGU aX»XJGAGGCCGAAAGGCCGAA AGACUCC 

127 UUCAOGG CUGAUGAGQCCGAAAGGCXX3AA AAGACUC 
137 ADCCUUU CUGAUGAGGCCGAAAGGCCGAA AUUUCAG 

145 UUCUUUA CTOAUGAGGCCGAAAGGCCGAA ADCCUUU 

146 UUUCUUU CUGAUSAOGCCGAAAGGCCGAA AAUOCUU 

147 UOUUCUU COGAOGAGGCCGAAAGGCOGAA AAAUCCO 

163 GAAGAAA CUGAUGAGGCCGAAAGGCCGAA AUUCCAC 

164 UGAAGAA CUGAUGAGGCCGAAAGGCCGAA AAUUCCA 

165 OKSAAGA CUGAUGAGGCCGAAAGGCCGAA AAAUUOC 
.166 GCUSAAG CUGAUGAGGCCGAAAGGCCGAA AAAAUUC 
167 UGCW3AA CUGAUGAGGCCGAAAGGCCGAA AAAAAUU 

169 CUUGCOG CUGAUGAGGCCGAAAGGCCGAA AGAAAAA 

170 GCUUGCU CUGAUGAGGCCGAAAOGCCOAA AAGAAAA 
187 GUGGAUU CUGAUGAGGCCGAAAGGCCGAA AGUUUCA 

QGUUGU3 CUGAUGAGGCCGAAAGGCCGAA AUUUAGD 

200 GUCUCCA CUGAUGAGGCCGAAAGGCCGAA AGGUUGU 

201 GGUCUCC CTCAUSAGGCCGAAAGGCCGAA AAGGUUG 
221 GAGAUUG CUGAUGAGGCCGAAAGGCCGAA AGGGUGU 
226 ACACAGA CUGAUGAGGCCGAAAGGCCGAA AUUGGAG 
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228 ACACACA CTOAUGAGGC0GAAAGGCCX3AA AGAUUGG 

236 UUUACAA COGAIXSAQGCCGAAAGQCOGAA ACACACA 

237 GOUUACA OTGWISAQGC0GAAAGGCXX3AA AACACAC 

238 O50UUAC OXaUIGAGGCXXSAAAQGtXGAA AAACACA 
241 UGAXIGOU CUGAUGAGGCXX3AAAGGCCGAA ACAAAAC 
247 CUCCAGU CUGAOGAGGCCGAAAGGCCXa^ AUCSUUUA 
2S8 CGUAGAA CUGAUGAGGCOSAAAGGCCGAA ACCCUCC 

260 CACX30M C0GAUGAQGCCX3AAAGGC0GAA AGACCCU 

261 UCAOGUA COSADGAGGCOGAAAOGCCXSAA AAGACCC 
263 GCUCACX; CUCSAUSAGGCOSAAAGOCCGAA AGAAGAC 
274 ACAAUCC CU5AUGAGQCCX3AAAQGCCGAA AUUGCUC 
279 UQAtXSAC OXSAUGAGGCCGAAAOCSCCGAA AUCCAAU 
282 GQCUSMJ CUGWJGAQGCOCSAAAOOCXXSAA ACAAIXX 
285 CAGGGCU OXSAIKSAGGCOGAAAGGCCXSAA AUGACAA 
298 GGOTCAA OXa^UGAOGCCXSAAAGGCCGAA ACAGGCA 
29^ AOGOGCA OXSAIXSAQGCCGAAAGGCCGAA AACAOGC 
300 CAGGOGC OXSAUGAGGCCGAAAGGCCGAA AAACAGG 
322 CAAGOAA OJGAUGAQGCXXSAAAGGCXXSAA ACCAGGG 

324 CCCAAGO OXSAUGAGGCCGAAAGGCCGAA AGACXJVG 

325 ACCCAAG CWaiUGWX5CCX3AAAOGCCX3AA AAGACCA 
328 UGGACCX CUGAUGAGGCXXAAAGGCXGAA AGUAAGA 
333 CAAUOUG CTOAtXSAGGCXXSAAAGGCCGAA ACCCAAG 
339 AGCCAAC COGAUGAGGCCGAAAGGCCGAA AUUUQGA 
342 GAAAGCC CUGAUGAOGCCGAAAGGCCGAA ACAAUUU 
3^*^ AAAGOGA OKSAUGAGGCCGAAAGGCCGAA AGCCAAC 

348 AAAAGUG CUGAUGAOGCCGAAAGGCCGAA AAGCCAA 

349 CAAAAGU CUGAUGAGGCCGAAAGGCCGA;^ AAAGCCA 

353 GGGUCAA CUGAUGAGGCCGAAAGGCCGA? AG^UGAAA 

354 AGGGUCA CUGAUGAOGCCGAAAGGCCGAA AAGUGAA 

355 UAGGGUC CUGAUGAOGCCGAAAGGCCGAA AAAGUGA 
362 AGAUGCU CUGAUGAOGCCGAAAGGCCGAA AGGGUCA 
368 GGCUUCA OXSAUGAOQCCGAAAGGCCGAA AUGCUUA 
404 GGAUGGU CUGAUGAOGCCGAAAGGCCGAA AUGUUCC 
410 ACACUOG CUGAUGAOGCCGAAAGGCCGAA AUGGUGA 
418 AGGUAUG CUGAUGAOGCCGAAAGGCCGAA ACACUUG 
422 AUUGAOG CUGAUGAOGCCGAAAGGCCGAA AUGGACA 
426 AGAAAUU CUGAUGAOGCCGAAAGGCCGAA AGGUAXC 

430 CXSAAAOA CUGAUGAOOCCGAAAOGCCGAA AUUGAOG 

431 CUGAAAG CUGAUGAOGCCGAAAGGCCGAA AAUUGAG 

432 GCUGAAA CUGAUGAOGCCGAAAGGCCGAA AAAUUGA 

434 GAGCUGA CUGAUGAOGCCGAAAGGCCGAA AGAAAUU 

435 AGAGCUG CUGAUGAOGCCGAAAGGCCGAA AAGAAAU 

436 AAGAGCU CUGAUGAQGCCGAAAOGCCGAA AAAGAAA 
441 GCACCAA CUGAUGAOGCCGAAAGGCCGAA AGCUGAA 
443 CAGCACC CUGAUGAOGCCGAAAGGCCGAA AGAGCUG 
457 UGAGAAA CUGAUGAOGCCGAAAGGCCGAA ACCAGCC 

459 AGUGAGA CUGAUGAOGCCGAAAGGCCGAA AGACCAG 

460 AAGUGAG CUGAUGAOGCCGAAAGGCCGAA AAGACCA 

461 GAAGUGA CUGAUGAOGCCGAAAGGCCGAA AAAGACC 
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463 CAGAAGU CUGADQA0GCCX3AAA0GCCGAA AGAAACA 

467 UGAACAG COGAUGAGGCCGAAAGGCCGAA AGOGAGA 

468 CUGAACA OKSAOGAGGCCGAAAGGOCGAA AAGCX3AG 

472 ACACCUG OTSAIX3AGG0CGAAAGGCCGAA ACAGAAG 

473 AACACXU CXIGAUGAGGCXX^AAAOGOCGAA AACAGAA 
460 CGUGGAU COGADGAGGCCGAAAOGOCGAA ACACCUG 
481 ACGUGGA CUGADGAGOCCGAAAGGCCGAA AACACOJ 
483 DCACGUG CUGAUGAGGCCGAAAGGCCGAA AUAACAC 
S21 ACCACAG CUGAtJGAGGCCGAAAGGCCGAA ACAGCGU 
529 ACAUUGU CUSAXXSAOGCCGAAAGGOOGAA AOCACAG 

537 CAACAGA COGA0QAGGCCGAAAGGCOGAA ACAUUGU 

538 UCAACAG CUGAtJGAGGCCGAAAOGCOGAA AACAUUG 

539 UUCAACA CUGAUGAGGCCGAAAGGCCGAA AAACAUU 
543 GCUCUUC OIQAUGAGGCCGAAAGGCCGAA ACAGAAA 
562 UAGAUGC CUGAIJSAGGCCGAAAGGCCGAA AGUUUGU 
567 GCCAGUA CUGAUGAGGCCGAAAGGCCGAA AUGCGAG 
569 UUGCCAG COGAOSAGGCCGAAAGGCCGAA AGAUGOG 
601 GACAUCA CUGAUGAGGCCGAAAGGCCGAA AGUCAOC 
608 GUCCCCA CUGAUGAGGCCGAAAGGCCGAA ACAUCAU 
622 GGCCAUA CUGAUGAGGCCGAAAGGCCGAA AUUCAUG 
624 CGGGCCA CUQAIXSAGGCCGAAAGGCCGAA AUAUUCA 
635 GUUCUUG CUGAUGAGGCCGAAAGGCCGAA ACUCGGG 
651 UAUCAAA CUGAUGAGGCCGAAAGGCCGAA AUGGUCC 

653 GAUAUCA OXSAUGAGGCCGAAAGGCCGAA AGAOOGU 

654 UGAUAUC CUGAUGAGGCCGAAAGGCCGAA AAGAUGG 
658 UUAGUGA CUGAUGAGGCCGAAAGGCCGAA AUCAAAG 
660 UAUUAGU CUGAUGAGGCCGAAAGGCCGAA AUAUCAA 
664 AGGUUAU CUGAtJGAGQCCGAAAGGCCGAA AGUGAUA 
667 GAGAGGU CUGAUGAGGCCGAAAGGCCGAA AUUAGDG 
672 CAADGGA CUGAUGAGGCCGAAAGGCCGAA AGGUUAU 
674 CACAAUG COGAUGAGGCCGAAAGGOCGAA AGAGGDU 
678 G ;AUCAC aX3AUGAGGCCGAAAGGC0GAA AUGGAGA 
684 aVXX»G COGAOGAOGCCGAAAGGCOGAA AUCACAA 
691 GGGCGCA CtXSAOGAGGCCGAAAGGCCGAA AGCCAOG 
701 CUCGCICA CUGAUGAGGCCGAAAGGCCGAA AUGGGCG 
716 ACAOICX; CUGAUGAGGCCGAAAGGCCGAA AUGIX9CC 
726 UCAGAAC OKSAUGAGGCCGAAAGGCCGAA ACACACU 

729 ACOOCAG CUGAIX3A0GCCGAAAGGCCGAA ACAACAC 

730 UACUUCA CUGAUGAGGCCGAAAGGCCGAA AACAACA 
737 UUUUUCA CUGAXX3AGGCCGAAAGGCCGAA ACUUCAG 

751 OGCUIX3A CUGAUGAGGCCGAAAGGCCGAA AGCGUCU 

752 CCGCUUG CUGAUGAGGCCGAAAGGCCGAA AAGCGOC 

753 CCCGCUU CUGAUGAGGCCGAAAGGCCGAA AAAGCGU 

782 GACUGAU CUGAUGAGGCCGAAAGGCCGAA ACGUCAC 

783 UGACOSA CUGAUGAGGCCGAAAGGCCGAA AACGUCA 
785 UUUSACU CUGAUGAGGCCGAAAGGCCGAA AUAACGU 
789 CAGCUUU CUGAUGAGGCCGAAAGGCCGAA ACUGADA 

800 UGUAGGG CUGAUGAGGCCGAAAGGCCGAA AGUCAGC 

801 GUGUAGG CUGAUGAGGCCGAAAGGCCGAA AAGUCAG 
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805 COAGGUG CUGAIK5AOGC0GAAAGGCOGAA AOQGAAG 

811 GAUAUAC COGAUGAGGCXX3AAAGGCC3GAA AGGUGUA 

814 OCAGAUA aXSAOGAOXXrGAAAGGOCXSAA ACUAOGU 

816 AGOCAGA CUGAUGAGGCCGAAAGGCCGAA AUACUAG 

818 AAAGOCA CWSAUGAOGCXXaUUlQGOOGAA AUAUACU 

824 AAUUUCA OTSAUGAOGCCGAAAGGCCGAA AGUCAGA 

825 GAAUUUC OXSAUGAOOOCXSAAAQGCCGAA AAGOCAG 

831 AAGTOQG OIGAaGAOQCOGAAAGOCXGAA AUUUCAA 

832 GAAGUUG CUGAroAOQCCGAAAGGCCGAA AAUUUCA 

838 AUADUAG OXSAUGAGQCCGAAAGQCaSAA AGUUGGA 

839 AAUAOUA CUGAUGAGGOCGAAAGGCXXSAA AAGUUGG 
841 CUAAUAU CWMGA00C30GAAAGGCCGAA AGAAGUU 
844 amiAA OXSAWSAGGCCGAAAGGCOGAA AUUAGAA 

846 UCCUUCU OKSAUGAGGCCGAAAGGCCGAA AUAUUAG 

847 AUCCUUC CUGAUGAGGCCGAAAGGCXX3AA AAOAUUA 
855 AGCAAAU CUGAUGAGGCCGAAAGGCCGAA AUCCUUC 

858 UUGAGCA CUGAUGAGGCCGAAAGGCCGAA AUUAUCC 

859 GUTOAGC CUGAUGAGGCCGAAAGGCCGAA AAUUAUC 
863 AGAGGUU CUGAUGAGGCCGAAAGGCCGAA AGCAAAU 

ACCUCCA CUGAUGAGGCCGAAAGGCCGAA AGGUUGA 

877 UCUOGAA CUGAUGAGGCCGAAAGGCCGAA ACCUCCA 

878 CUCUGGA CUGAUGAGGCCGAAAGGCCGAA AACCUCC 

879 GCUCUGG CUGAUGAGGCCGAAAGGCCGAA AAACCUC 

880 GGCUCUG CUGAUGAGGCCGAAAGGCCGAA AAAACCU 
889 GAGAGGU CUGAUGAGGCCGAAAGGCCGAA AGGCUCU 
894 ACCAGGA CUGAUGAGGCCGAAAGGCCGAA AGGUGAG 
896 CAACCAG CUGAUGAGGCCGAAAGGCCGAA AGAGGUG 
902 AUUUUCC CUGAUGAGGCCGAAAGGCCGAA ACCAGGA 

920 GGCAUUU CUGAUGAGGCCGAAAGGCCGAA AUUCUUC 

921 UGGCAUU CUGAUGAGGCCGAAAGGCCGAA AAUUCUU 
930 UCX3UGUU CUGAUSAGGCCGAAAGGCOGAA AUGGCAD 

942 CUUGGGA CUGAUGAGGCCGAAAGGCCGAA ACUGUUG 

943 UCUOGQG CUGAUGAOQCCGAAAOGCCGAA AACUGUD 

944 AUCUUGG CUGAUGAGGCCGAAAGGCCGAA AAACUGU 
952 GUUUCAG CUGAUGAGGCCGAAAGGCCGAA AUCUUGG 
966 CAGCAUA CUGAUGAGGCCGAAAGGCCGAA AGCUCAG 
968 AACAGCA CUGAUGAGGCCGAAAGGCCGAA AGAGCUC 
^'^S USCUSCU CUGADGAOGCOGAAAGGOCGAA ACAGCAU 
976 UroCUGC CUGAUGAGGCCGAAAGGCCGAA AACAGCA 

991 AUAUUGA CUGAUGAGGCCGAAAGGCCGAA AUCCAGU 

992 CAUAUU3 CUGAUGAGGCCGAAAGGCCGAA AAUOCAG 

993 UCAUAUU CUGAUGAGGCCGAAAGGCCGAA AAAUCCA 
997 GUUGUCA CUGAUGAGGCCGAAAGGCCGAA AUUGAAA 

1016 ACACAUG CUGAUGAGGCCGAAAGGCCGAA AGCUGUG 

1017 GACACW CUGAUGAGGCCGAAAGGCCGAA AAGCUGU 
1024 UUGAUGA CUGAUGAOGCOGAAAOGCCGAA ACACAUG 
1026 ACUUGAU CUGAUGAGGCCGAAAGGCCGAA AGACACA 
1029 CAUACUU CUGAUGAGGCCGAAAGGCCGAA AUGAGAC 
1034 AUGUCCA CUGAUGAGGCCGAAAGGCCGAA ACUUGAU 
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ACUCOOA CDGA0C»aXCX5AAAGaCXXaUV AUGOCCA 

1043 CACUCUU ax»UGAGGXXGAAAGGCXX3AA AAUGOCC 

1044 OCAOTCU COGAlXSAGGCXXSAAAGGCaSAA AAAOGUC 
1054 AAGGOCU COGAIIGAQGCCGAAAGCKCGAA AUUCACa 

1061 CCftGDOS OXSAWSAGOCXGAAAGGCCGAA AGGUCUG 

1062 TOCAGOU OXaUGAQCXXXSAAAGGCCGAA AAGGUCU 
1072 UtOGWIS CUGWX5AGGCCGAAAGGCCGAA AOUCCAG 

1090 UCAGGAA aXSAUGAOGCCGAAAGQCCGAA AUGCOCU 

1091 ADCAOGA OXSAIXSAGGCCGAAAGGCOGAA AAUGCUC 

1092 UAUCAOG CTOAUGAOGCCGAMGGCCGAA AAAIXSOJ 

1093 UOADCAG OXSAUSAGQCCGAAAGGCOGAA AAAAUGC 
1099 AGCMGU OXMISAGCXXXSAAAGCSCXXSAA AUCAGGA 
1107 AOGAtX3G aXMX»OGCCX3AAAQGCCX»A AGCAQGU 
1112 GGCXXZAG OXSAUGAGGCCGAAAGGCCGAA ADGGGAG 

1122 UUAAGGU COGAUGAGGCCGAAAGGCCGAA AOGGCOC 

1123 ADUAAGG aiGADGAGG(XX3AAW3GCCX3AA AAIX3GCC 

1127 UGAGATO COGAUGAGGCCXyVAAGGCCXSAA AGGUAAU 

1128 CTOAGAU CCXSAIKSAGCXXXSAAAGGCCGAA AAGGUAA 
11^^ UOAOXSA CTOAtKSAGGCCGAAAGGCCXSAA AUUAAGG 
1133 AUUUACU COGAUGAOGCCGAAAGGCXXSAA AGAUUAA 
1137 UUCCAUU CTOAIK3A0GCCGAAAQGCCGAA ACOGAGA 

1146 OCACAAA OJGAUGAQGCCGAAAGGCCGAA AUIXXAU 

1147 ADCACAA CUGAUGAGGCXXyuUVGGCCGAA AAUUCCA 

1148 UAOCACA OXSAWSAGGCCGAAAOGCCGAA AAAOUCC 

1149 AUAUCAC CUGAUGAGGCXXSAAAOGCCGAA AAAAUUC 
1155 GGCAGCA CUGAUGAGGCCGAAAGGCCGAA AUCACAA 
11^^ AAAQCAG CW3AUQAGGCCGAAAGGCXX5AA AGGUCAG 

1175 UGGGGCA C0GADGAGGCCX5AAAGGCCGAA AGCAGUA 

1176 UOSGGGC OJGAUGAGOCOGAAAGGCCGAA AAGCAGU 
1214 CCUUCUC COCSAIX3AGGCCGAAAGGCCGAA AUCUCUC 
1230 CAGGGCX5 COGAlXSAGGCCX»AAOGCCGAA ACACUUU 
1239 AOXSUUA OJGAUGAGGCCGAAAGGCCGAA ACAGGGC 
1241 ACACUGU OXSAUGAOCSCCGAAAGGCCGAA AUACAGG 
1249 UUCUGCG CUGAtX^GGCCGAAAGGCCXSAA ACACUGD 
1275 ACCUUCA CUGAOGaUSGCXXSAAAGGCCGAA ADCUUUa 
1283 CGGAGOC CTOAUGAGGCCGAAAGGCCGAA ACCUUCA 
^288 GAIXSAOG CXKyUXSAGGCCGAAAGGOCGAA AGGCUAC 
^292 AAGAGAU CUSAOSAGGCCGAAAGGCCGAA ACGGAGG 
1295 CAGAAGA CUGAUGAGGCCGAAAGGCCGAA AUGACGG 
1297 CCCAGAA CUGAOGAQGCCGAAAOGOCGAA AGAUGAC 

1299 AUCCCAG CUGAW3AGGCCGAAAGG0CGAA AGAGAUG 

1300 UAOCCCA CUGAUGAGGCCGAAAGGCCGAA AAGAGAU 
1307 AUCCAtXS CUGAUGAGGCCGAAAGGCCGAA AUCCCAG 
1315 UCCCCAC CUGAUGAGGCCGAAAGGCCGAA AUCCAUG 
1324 GCCUCAU CUGAUGAGGCCGAAAGGCCGAA AUCCCCA 

1334 AGGGAAG OASAUGAOGCCGAAAGGCOGAA AUGCCUC 

1335 AAGGGAA CUGAUGAGGCCGAAAGGCCGAA AAUGCCU 

1337 UUAAGOG CUGAUGAGGCCGAAAGGCCGAA AGAAUGC 

1338 GUUAAGG CUGAUGAGGCCGAAAGGCCGAA AAGAAUG 
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1342 

1343 

1350 

1351 

1352 

1359 

1360 

1361 

1362 

1369 

1373 

1378 

1379 

1381 

1382 

1390 

1392 

1393 

1394 

1399 

1400 

1412 

1413 

1429 

1433 

1435 

1438 

1439 

1440 

1442 

1448 

1455 

1456 

1460 

1461 

1466 

1471 

1473 

1474 

1476 

1477 

1478 

1486 

1487 

1488 

1492 

1493 

1500 

1502 



175 

A00W30U CUGAUGA0CXXX3AAAGGCCGAA AGGQAAG 
AAUUUGU CUGAIX3AOGCXX5AAAGGOCX^ AAGGGAA 
CAGCUUA OTGMXytfSGCCGAAAaOCaSAA AUUUGOU 
ACAGCUU CIXSAIWAGOCCGAAAGOCCGAA AAUUUGU 
AACAGCU OXSAUCSAOCXXGAAAGGCCGAA AAAUUUG 

^J^XGUMl cugaogaggccgaaaggccgaa acagcuu 

OTSCSGUA CUGA03AGGCCX;AAAGGCCGAA aacagcu 
AGW3GGU CUGAOCywXXXXSAAAGGCCGAA AAACAGC 
"MUC3GG CUGAOSAGGCCGAAAGCSCJCXSAA AAAACAG 
GGW3AGG CUGAUGA0GCXX3AAAGGCCGAA AGOGGGU 
AGAAGGU CUGAUGAGGCCGAAAGQCCGAA AGGUAGU 
U^^UUAAG CUGAtXSAGGCCGAAAGGCCGAA AGGOGAG 
U^^UUUAA CUGAUGAGGCCGAAAGQCCGAA AAGGUGA 
OOTUWJU CUGAUGAGGCCGAAAGGCCGAA AGAAGGU 
AGGUUUU CUGAUGAGGCCGAAAGGCCGAA AAGAAGG 
UCUGAAA CUGAUGAGGCCGAAAGGCCGAA AGGUUUU 
AAUCUGA CUGAUGAGGCCGAAAGGCCGAA AGAGGUU 
UAAUCUG CUGAUGAGGCCGAAAGGCCGAA AAGAGGU 
UUAAUCU CUGAUGAGGCCGAAAGGCCGAA AAAGAGG 
UCAGCUU CUGAUGAGGCCGAAAGGCCGAA AUCUGAA 
"^^<='^ CUGAUGAGGCCGAAAGGCCGAA AAUCUGA 
AUCUUGU CUGAUGAGGCCGAAAGGCCGAA ACUGUUC 
CAUCUUG CUGAUGAGGCCGAAAGGCCGAA AACUGUU 
GGAGAGG CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
GAAAGGA CUGAUGAGGCCGAAAGGCCGAA AGGGAUG 
GAGAAAG CUGAUGAGGCCGAAAGGCCGAA AGAGGGA 
GGGGAGA CUGAUGAGGCCGAAAGGCCGAA AGGAGAG 
UGGGGAG CUGAUGAGGCCGAAAGGCCGAA AAGGAGA 
AUGGGGA OXSAUGAGGCCGAAAGGCCGAA AAAGGAG 
AUAUGGG CUGAUGAGGCCGAAAGGCCGAA AGAAAGG 
AAUUGCA CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 
UUAAGCA CUGAUGAGGCCGAAAGGCCGAA AUUGCAU 
AUUAAGC CUGAUGAGGCCGAAAGGCCGAA AAUUGCA 
UUACAUU CUGAUGAGGCCGAAAGGCCGAA AGCAAAU 
GUUACAU OKSAIXSAGGCCGAAAGGCCGAA AAGCAAA 
AAGAGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUAA 
AAAAGAA CUGAUGAGGCCGAAAGGCCGAA AGGUUAC 
GCAAAAG CUGAUGAGGCCGAAAGGCCGAA AGAGGUU 
GGCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGAGGU 
AUGGCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGAG 
CAUGGCA CUGAUGAGGCCGAAAGGCCGAA AAGAAGA 
ACAUGGC CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 
GAAUGGA CUGAUGAGGCCGAAAGGCCGAA ACAUGGC 
AGAAUGG CUGAUGAGGCCGAAAGGCCGAA AACAUGG 
CAGAAUG CUGAUGAGGCCGAAAGGCCGAA AAACAUG 
AUGGCAG CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
GAUGGCA CUGAUGAGGCCGAAAGGCCGAA AAUGGAA 
AAUUCAA CUGAUGAGGCCGAAAGGCCGAA AUGGCAG 
ACAAUUC CUGAUGAGGCCGAAAGGCCGAA AGAUGGC 
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1507 ACAAGAC CUGAUGAOGCCGAAAGQCCGAA ADDCAAG 

1510 OIGACAA aX3AtX5AGCKXXaAAGC5CXX5AA ACAAUOC 

1512 GQCW5AC aX3AUQAOGOa3AAAGC30CX»A ACSACAAU 

1515 AOOSGOJ aX3AlX3AGGCCX3JUUU3GCXXAA ACAAGAC 

1523 GMBVATO OXSAIXyUXXXXSAAAGQCC^ A0UGC3CU 

1524 AGAUAAU aX3A«3AGCXXXauU\GOCXX3AA AAUUQOC 

1527 AAUMAU aX3MX3AQC30CGAAAOC30C^ AUGAAOO 

1528 UWVnAGA COGWJGMC3CCX5AAAGGOCX33VA AADGAAU 
1530 ODUAAUA OJGAUttOGOCGAAAGGCXXSAA AUAAOGA 
1532 USOUUAA CTOOXSAOOXXSAAAGGCOGAA AGAUAA0 

1534 AGUOJUU OXyuiGAOCXXXSAAAGGCXGAA AUAGAUA 

1535 OAGUGOU aX»IX3AGOCXXaUkAOC3CrGAA AAUAGAU 
1542 CtJCAAAU OXSAOSAGQCXGAAAGGCCGAA AGOGUOU 
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177 PCT/US95/15S16 
Table BIV: Mouse BT-l Hammeriiead Ribozyme Tai^et Sequences 



lit. 

Position 

8 

10 
10 
14 
18 
16 
18 
23 
25 
26 
29 
29 
29 
29 
34 
34 
34 
40 
41 
41 
42 
56 
56 
62 
62 
62 
63 
73 
77 
78 
83 
93 
93 
93 
96 
96 
101 
104 
104 
106 
107 
107 



HHTari^et Sequence 



nt 
Position 



HH Target Sequence 



GaGUuUU 
guUuuAU 
GUuUUaU 
uAUacCU 
CcucAW 
OCCICaAU 
CcUbAAU 
AuaGaCU 
AGACuOJ 
GACuCUU 
OCUUACU 
UcUUACU 
UCOUaCU 
UCuiiaCU 
CUaGUuU 
CUAGUuU 
cUAgUUU 
ucuCXhiU 
cUCUuUU 
cuCUuUU 
uCUUOUU 
UGAAAO; 
UGMAcU 
uCAACXrU 
UCaAcCU 
UCAACCU 
CAAOCOU 
aGAcAcU 

acw:rugu 

CucSUGUU 
IhicCAuU 
GOggAcU 
gtW5acU 
gtXSgAcU 
GAcuAAU 
gacuAAU 
AUaOGAU 
OGAuCAU 
GGAuCAU 
AuCAUCU 
acAuCuU 
uCaUCUU 



a URCcUcA 
A CCUCAAU 
a ccuCAAU 
c aAUAGAC 
A gaCUCUU 
a gaCaOJCX 
a GaCUcuU 
c uUACuaG 
U aCuAGuu 
a CuAGuuu 
a GuuDCuc 
a gUiiuCuC 
a guOUCUc 
a gUUUCUC 
c UCUuuuU 
c UCUuuuU 
c uCuUuUU 
U UCAjGgUU 
u caGGuUg 
U CAGgUUg 
C ASgUUgu 
c AAcCuuC 
C aAcCUUC 
U caaAGAC 
U CaAAgAc 
u caaAGac 
c aaAGACa 
c UGuOCcA 
u cCAuUUC 
c CauUUCU 
U OXSUggA 
A AuAGgAu 
a AUAGgaU 
a AuAGGAU 
a OGAUcaU 
a gGAuCaU 
c aUCuUUA 
C uuuAgCa 
C UUUagcA 
U UagcAUC 
u AGCAUCU 
u AgcAuCU 



108 


CaUcUUU a GryviirTir» 


108 




131 


aUQCCAU r* r*«rVr**riTi 


142 


ciCUlidJtT n iifir>t»r^& 


142 


^\^%M4\msj\j u vv/cua^a 


143 




143 


CuUcUuU u uPiiH^aTT 


143 


CUUCUUU u urNia^^afT 


143 


cUUCuUU u [if^lA/^jit« 


144 


UlldltlLitT II r»TTj»oai 


144 


UllCuUlltl U oTTIk/^MTr* 


144 




147 




153 


UAcAliCU C UOTITITSTT 


165 


UCUCoAU U TTiirTrrrtrT& 


165 


UCUCOAU U Uimf^rtrfA 


165 


ucucoAU ti iixifv^mA 


166 


CUCaALTTT II itrT«rir»ir» 
^*^wy*\ww KJ UvgUQ^\!o 


167 


uugAUUU u UGUGaGC 


167 


ucvaauuu u UGUgAgC 


167 


uN-gAUUU u UgUgAGC 


168 


cGAUlAltJ 11 rrTTrrAry^f* 

%«'>M^wwut./ U ^ J ^vtV_ V_ 


168 


COAUUUU U CSViArti-f* 


197 


GCUccAU 11 fVifTWTi 


202 


aUUGGCU r tlArraTITTi- 


208 


UCuAgAD U ccUGGCU 


216 


CO^SGCU u UcCcCau 


217 


cOOGCOU 0 CcCcaUc 


217 


cOgGCuU u CccCATC 


217 


CUOGCuU u CCcCauC 


218 


UGGcuUU c ccCaUCA 


218 


U3GCUUU C cCcaUca 


218 


OGgCuou c cCcaUCA 


218 


ugGcOOU c CCCAucA 


224 


OCcCCAU c aUGuUCu 


224 


UccCCAU c aUGuucU 


230 


UCAugOU C UccAAAg 


232 


AuGUUcU C CAaAGCa 


232 


AOGuOcU c caaAGCA 


232 


AugUDCU c cAAAgCa 


241 


AAACJcAU c UgAAGcu 


241 


aAACXAD C UGAAGCu 
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241 

249 

264 

287 

295 

295 

296 

297 

297 

314 

314 

315 

315 

317 

318 

318 

320 

320 

322 

322 

323 

336 

341 

341 

342 

343 

343 

352 

355 

382 

408 

414 

414 

421 

426 

439 

452 

454 

484 

484 

488 

503 

503 

520 

535 

536 

538 

553 

553 



AAAgcAU C 
UGAAgcU A 
CAAuUgU c 
CAcCaCa c 
OJCaAgU u 
cuCAaGU U 
uCAAgUU u 
CAAGUUU C 
CAaOuuU c 
GGCUtiaU u 
GgcuCAU U 
GcuCAXJU c 
gcuCAUa C 
uCAOOCU U 

CAuocoa c 

CAUuCuU C 

utxruucu c 

UlTCuuCU C 

cuucuca u 

CUucuCU u 
UUcuCUU u 
gcUGAUU c 
uUOGuCU u 
UOCgucU u 
UcGUOJU U 
cgucUUU C 
cGuCuUU c 
caAGUGU C 
gCJgUcUU C 
UCcaAGU c 

gcuGCco u 

UUGccgU U 
UUgCCgU u 
UaCAAcU c 

cocucxro c 

GatXSAgU c 
acOGaAU C 
CGaAUCU A 
GuGOW c 
GugCOGU c 
ugUcOGU C 
gGAAacU A 
ggAAAcU a 
CXXX3AGU A 
cGGAcDU U 
GGAcUUU a 
AcUuUAU a 
acuACCU a 
AcUaCcU a 



UGAAGca 
UQGCuuG 
AGuUGaU 
CUcaagU 
UCcaUSU 
UCCAUgu 
ccAUgUc 
CAU^uCc 
cAUGuCC 

cuucucu 

CUUCuCU 
UuCUcuU 
UUCuCUU 
CuCUOug 
uCUUugu 
UCuUUgu 
uuUGuGC 
UUuGUGC 
uGOGCUG 
UgUGCOG 
gUGcugC 
GOCuOUc 
UCacAAG 
UcAcAAG 
CaCAagU 
AcAAGUG 
AcaAGUG 
uuCAGAu 
AGaUGUU 
AgUGaAA 
GCCguuA 
aCAACUc 
ACAAcUc 
uCcUcAU 
aUgAAgA 
USAaGaC 
UACUOGC 
CUGGCAA 
tJSucaUU 
UguCAuU 
AUUGCUg 
aAAGuGu 
AAagUGU 
uAAGAAC 
aUalXSAc 
UaUGAcA 
UGACaac 
cUCUcUU 
cUCUcOU 



556 

556 

560 

561 

561 

561 

566 

566 

581 

583 

583 

598 

606 

611 

611 

612 

641 

649 

649 

655 

656 

659 

664 

667 

671 

682 

682 

682 

683 

683 

685 

685 

687 

698 

698 

718 

718 

729 

729 

729 

737 

737 

737 

745 

745 

759 

759 

759 

760 



AOCuACU c uCUUAuC 
AcCuAcU c ucOUAUC 
AcUcOCU U aUCAuCC 
cUCuCUU a UcAuCXIU 
cuCUcuU a uCAUCCU 
CUOKXiU a gCauCXXi 
UUaUcAU C COGGgcC 
uUauCAU C CUGGGCX: 
UGGuCcU U UcAGAcc 
gucCUOU C AgaCcGG 
GuCcUUU c AGAcoGg 
GOCACAU A CagcUGO 
gcOGUSU c GOTCaaA 
GUGUcgU u CAaaaGA 
GtXSUcGU U CaaAAGa 
C aaAAGaA 
aCX^aAGU u aaACaCU 
AAAcacU U OGOJUUa 
AaaCAcU U gGCUUuA 
UUggcuU u AGUAAAg 
UGgcUUU a GUAAAgu 
CuUuaGU A AAGUugu 
GUaAaGU U gUCcaUC 
AaGUUgU C caUCAAA 
UgUCcaU C AAAGCUG 
gCUgAcU u CUCUACC 
GCWSACU U CUCUACc 
GOJSacU U cuCuACc 
CUGACUU C uCUACcC 
CUGACUU c ucuAccC 
gACUuCU c UaCXXXTc 
gaCUucU c UACCCcC 
CUUCuCU A CcCCcAa 
ccAACAU a ACUGagu- 
CCaacAU A ACuGaGU 
AAcCCaU C UGcAgAc 
aaCCCAO c UGCAgac 
AGACacU A AaAgGAu 
agAcAcO A aAAGGAU 
agACAcU a AaAgGAU 
^lAAGGAU u AccUGCU 
aAAGgAO U AccUGCu 
aaagGAD u ACCUGCU 
aCCllScU U UGCuuCc 
accOScU u UGCUuCC 
cGggGgU U uCCCAAA 
cGgGOGU u UcCcAaa 
cCGgOGO U UcCCAaA 
GggGgUU u CCCAAAG 
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760 
760 
761 
771 
771 
776 
776 
778 
784 
803 
803 
803 
812 
812 
816 
816 
824 
825 
826 
834 
841 
841 
850 
869 
669 
869 
873 
873 
874 
875 
885 
899 
699 
906 
906 
908 
911 
916 
916 
943 
944 
1001 
1034 
1037 
1043 
1046 
1049 
1060 
1060 



90Gg<30U u cCCAaag 
^^^•SQGUU U cCCAaAG 
^*9QC5UUU c CCAziAGC 
aAAgccO C GCuUCCX: 
^^«AGCOT C gCuOCOC 
C^^^^fiiaJU C UcUOgyu 
CUCgCuU C UCUUQGU 
CgCuUCU C uOQGWG 
UCuUGGU U OGAAAAU 
GAGaaUU A CCugGcA 
gAGAAUU A ccUGgCA 
gagAaUU a CCOGgcA 
ctX3gCAU C AAuAC^ 
^=WGcA0 c aAuaCgA 
caUCAAU A cGACAAu 
cADCaAU a cgACAaU 
CgACAaU U UCCCAgG 
gACAaUU U CXXAgOA 
ACAaUUU C CCAgCBU; 
CCAgGAU C CUGAAuC 
CcUSaaU C ugAAUUG 
<:^ClX3AaU c UGAAuUg 
gAAutXSU A CaOCaOU 
gccAaCU a gAUauCA 
<3CCAaCU a GAuUUta 
GCCAAcU a gaUuUCa 
acUaGAU u UCAaUAc 
ACUaGAU U UCAAUAc 
CUaGAUU U CAAUAcG 
UaGAUUU C AAUAcOA 
UAcgACU c gcAACXTa 
ACACCaU u aAgUgUC 
^^^^^aU u AaGUGUC 
UaaGTOU c UcaUuAA 
uAaGWU C UCAUuAA 
aGOSUCU C AUuAAatJ 
^^^^"^^^^CAU u AAaUAOG 
AUuAaaU a OGGaGAu 
AUiiAAaU A UGGAgAU 
^AGgaCU a CAcCUGG 
AGgaCOU C AcOXSGg 
UGOJcUU u GggGCAg 
<^^^^^5^«=GU c gOCauCXS 
UcGUCgU C AuCguUG 
uCAUCgU U GucAUCA 

ucgOUSU c AuCAUCA 

uUguCaU c AuCAAAU 
^UGcU u CUGUaag 
AAaUgCU u cU^UaAG 



1060 

1060 

1061 

1080 

1080 

1081 

1121 

1121 

1121 

U22 

1126 

1127 

1127 

1144 

1144 

1145 

1160 

1162 

1163 

1167 

1177 

1181 

1181 

1192 

1199 

1201 

1210 

1210 

1223 

1225 

1225 

1226 

1227 

1227 

1227 

1229 

1230 

1252 

1274 

1310 

1312 

1314 

1316 

1320 

1320 

1339 
1355 
1437 
1437 



aAAUigrcD u cUGUaAG 
^^AAugCU u cU^aAG 
AAUScUU C UGUaagc 
AagcugU u UCAGAAG ' 
AAGCUGU U UcAgaag 
AflCUGOU u CAgaAga 
acAGcOJ U ACCuUcg 
^^<=AgCCU u .aCX^«fcG 
^gccu u ACCOaCg 
CaGcCuU a cCUUC^ 
COUACCU u CgGgccU 
UUaCcUU c ggGcCUG 
UuACcUU c GggCCUg 
G«agCAU U AgCO^ 
gaAGcaU u AGCX3GAA 
«AgcAUU a GCOgAAC 
^^^^^gV c UUCCUuu 
AcCgUOJ u CcUCAiaG 
ccGOCUU c CUUUaGU 
cUUCcOU u AGUUCOU 
UUCOUCU c UguCCAU 
UCuCugO C CAuGUGg 
ucUCUGU c CAuGUGg 
gUGGGAU A CAUGGua 
aCaUGGU a UUAugUG 
AuGgUaU u aUGUGGc 
ugUGGcU C aUGaGGu 
UGuGGcU C AUGAGGU 
GUacAAU c UUUCOUu 
ACAAUcU U UCUuUca 
ACAAuCU u uCuUucA 
caAuCUU u cUuOCAG 
aAucUUU c uUUCAGC 
AAucuuU C OUUCAGc 
AAuCUuU c uUUcaGC 
UCUUUCU U UCAGCaC 
COUUCUU U CAGCaCc 
cUgAUCU u UcggACA 
acaAGAU a gAOuOaA 
«5AgGaU u uCuUuCc 
aGgAUUU c OuUcCAu 
gAUUUcU u 'JcCAuCA 
UUUcUuU c CAuCAgG 
WUcCaU C AGgAAGC 

WJUCcaU c aggaAGC 
^^^^gU u -JgCUGGG 
cUuUgAU V CXXJUgAU 
gUGguaU A aGAAAAA 
gUggUAU a .iSAAaaA 
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1475 


gCCUAGU 


c 


UuaCOGc 


1477 


CaaGOCU 


u 


ACUigGaa 


1487 


ugCAaCU 


u 


gAUaOGCI 


1491 


AcuCXjAU 


A. 


XXSXMJg 


1491 


aCUUgaU 




UGuCAOG 


1505 


gUUCXjgU 


u 




1530 


uGOCcUU 






1531 


GCccUUU 


u 


CUGAagA 


1532 


CcCutluU 


c 


UGAAGAg 


1532 


CcCuuuU 


c 


USAaGAG 


1644 


CUalXSGU 


u 


gggAUGU 


1652 


ggGftuGU 


a 


AaAAcGG 


1652 


GgGAugU 


a 


aAaAcGG 


1670 


aUaAUAU 


a 


AaUAuUA 


1674 


uAuAAAU 


a 


UuAaaUa 


1676 


UaAaUAU 


u 


aAaUAAA 


1677 


AAauAUU 


a 


AAuaAAA 


1677 


AaaUAUU 


A 


AAiiAaaA 


1694 


AGagUaO 


u 


gAGcAAA 
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Table BV: Mouse BT-l Hammerhead Ribozyme Seqi 



i^t. HHROxnymeSequeaoes 
Positioxi 

8 IK3AGGUA OX^AlKMQOCXSAAAGCXXrGAA AAAACUC 

10 ADUGAGG OTSAUSAGGCCGAAAGGCCGAA AUAAAAC 

10 AUUCSAGG COGADGAGGCXX^AAGGCCGAA AUAAAAC 

14 GOCOADU axaOJGAGGCCGAAAGGCCGAA AQGUAUA 

18 AAGAGOC OWAIXSAGGCCGAAAGGCCGAA AUUGAOG 

18 AAGAGUC CUSAOSAGGCXXSAAAOGCCGAA AUUGAOG 

18 AAGAGUC CUGAUGAGGOOGAAAGGCCGAA AUUGAOG 

23 CUftGUAA CUGAUGAOGCCGAAAGGCCGAA AGUCUAU 

25 AACUAGU CUGADCyVGGCCGJUUVGGCCGAA AGAGUCU 

26 AAACUAG CUGAUGAOGCCGAAAGGCCGAA AAGAGUC 
29 GAGAAAC CUGAOSAGGCCGAAAGGCCGAA AGUAAGA 
25 GAGAAAC CUGAUGAGGCCGAAAGGCCGAA AGUAAGA 
29 GAGAAAC CUGAUGAGGCCGAAAGGCCGAA AGUAAGA 
29 GAGAAAC CUGAUGAGGCCGAAAGGCCGAA AGUAAGA 
34 AAAAAGA CUGAUGAGGCCGAAAGGCCGAA AAACUAG 
34 AAAAAGA CUGAUGAGGCCGAAAGGCCGAA AAACUAG 
34 AAAAAGA CUGAUGAGGCCGAAAGGCCGAA AAACUAG 

40 AACCUGA CUGAUGAGGCCGAAAGGCCGAA AAAGAGA 

41 CAACCUG CUGAUGAGGCCGAAAGGCCGAA AAAAGAG 

41 CAACCUG CUGAUGAGGCCGAAAGGCCGAA AAAAGAG 

42 ACAACCU CUGAUGAGGCCGAAAGGCCGAA AAAAAGA 
56 GAAGGUU CUGAUGAGGCCGAAAGGCCGAA AGUUUCA 
56 GAAGGUU CUGAUGAGGCCGAAAGGCCGAA AGUUUCA 
62 GUCUUUS CUGAUGAGGCCGAAAGGCCGAA AGGUUGA 
62 GUCUUUG CUGAUGAGGCCGAAAGGCCGAA AGGUUGA 

62 GUCUUUG CUGAUGAGGCCGAAAGGCCGAA AGGUUGA 

63 U3UCUUU CUGAUGAGGCCGAAAGGCCGAA AAGGUUG 
73 OSGAACA CUGAUGAGGCCGAAAGGCCGAA AGUGUCU 

77 GAAAWGG CUGAUGAGGCCGAAAGGCCGAA ACAGAGU 

78 A6AAAUG CUGAUGAGGCCGAAAGGCCGAA AACAGAG 
83 UCCACAG CUGAUGAGGCCGAAAGGCCGAA AAUOGAA 
93 AUCCUAU CUGAUGAGGCCGAAAGGCCGAA AGUCCAC 
93 AUCCUAU CUGAUGAGGCCGAAAGGCCGAA AGUCCAC 
93 AUCCUAU CUGAUGAGGCCGAAAGGCCGAA AGUCCAC 
96 AlXaUCC CUGAUGAOOCOGAAAOGCCGAA AUUAGUC 
96 AUGAUCC CUGAUGAGGCCGAAAGGCCGAA AUUAGUC 
101 UAAAGAU CUGAUGAGGCCGAAAGGCCGAA AUCCUAD 

104 UGCUAAA CUGAUGAGGCCGAAAGGCCGAA AUGAUCC 

104 IX3CUAAA CUGAUGAGGCCGAAAGGCCGAA AUGAUCC 

106 GAUGCUA CUGAUGAGGCCGAAAGGCCGAA AGAUGAU 
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107 AGAUGOJ COGAIUGAGGOCGAAAOGOCGAA AAGAUGA 

107 AGAUGCU CUGAIX»QG0CGAAA0GCCX3AA AAGAUGA 

108 CAGAUGC CUGAUGAGGCXX5AAAQGCCXSAA AAAGAUS 
108 CAGAUGC CUGAUGAGGCCGAAAGGCCGAA AAAGAUG 
131 AAGCCUG CUGAUGAOGCCGAAAGGGCGAA AUGGCAU 
142 UGUAGAA CUGAUGAOGCCGAAAGGCCGAA AAGAAOC 

142 UGUJ^GMi CCX^AUGAOGCCGAAAGGCCGAA AAGAAOC 

143 AUGUAGA CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 
143 AUGUAGA CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 
143 AUGUAGA CUGAUQAGGCCGAAAGGCCGAA AAAGAAG 

143 AUGUAGA CUGAUGAGQCCXSAAAOGOOGAA AAAGAAG 

144 GAUGUAG CUGAUGAGGCCGAAAGGCCGAA AAAAGAA 
144 GAUGUAG CUGAUGAGGCCGAAAGGCCGAA AAAAGAA 
144 GACRGUAG CUGAUGAGGCCGAAAGGCCGAA AAAAGAA 
147 AGAGAUG CUGAUGAGGCCGAAAGGCCGAA AGAAAAA 
153 AGAAACA CUGAUGAGGCCGAAAGGCCGAA AGAUGUA 
165 tXIACAAA CUGAUGAGGCCGAAAGGCCGAA AUCGAGA 
165 UCACAAA CUGAUGAGGCCGAAAGGCCGAA AUCGAGA 

165 UCACAAA CUGAUGAGGCCGAAAGGCCGAA AUCGAGA 

166 CUCACAA OX^AtXSAGGCCGAAAGGCCGAA AAUCGAG 

167 GCUCACA CUGAUGAGGCCGAAAGGCCGAA AAAUCGA 
167 GCUCACA CUGAUGAGGCCGAAAGGCCGAA AAAUCGA 

167 GCUCACA CUGAUGAGGCCGAAAGGCCGAA AAAUCGA 

168 GGCUCAC CUGAUGAGGCCGAAAGGCCGAA AAAAUCG 
168 GGCUCAC CUGAUGAGGCCGAAAGGCCGAA AAAAUCG 
197 UAGAGCC CUGAUGAGGCCGAAAGGCCGAA AUGGAGC 
202 GAAUCUA CUGAUr .. v^OCGAAAGGCCGAA AGCCAAU 
208 AGCCAGG CUGAUv - jGGCCGAAAGGCCGAA AUCUAGA 

216 AUGGGGA CUGAUGAGGCCGAAAGGCCGAA AGCCAGG 

217 GAUGGGG CUGAUGAGGCCGAAAGGCCGAA AAGCCAG 
217 GAUGGGG CUGAUGAGGCCGAAAGGCCGAA AAGCCAG 

217 GAUOGGG CUGAUGAGGCCGAAAGGCCGAA AAGCCAG 

218 UQAUQGG CUGAUGAGGCCGAAAGGCCGAA AAAGCCA 
218 UGAW3GG CUGAUGAGGCCGAAAGGCCGAA AAAGCCA 
218 UGAUGGG CUGAXX3AGGCCGAAAGGCCGAA AAAGCCA 
218 UGAUGGG CUGAUGAGGCCGAAAOOCCGAA AAAGCCA 
224 AGAACAU CUGADSAOGCOGAAAGGOCGAA AUGGGGA 
224 AGAACAU CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 
230 CUUUQQA CUGAUGAGGCCGAAAGGCCGAA AACAUGA 
232 UGCUUUG CUGAUGAGGCCGAAAGGCCGAA AGAACAU 
232 UGCUUUG CUGAUGAGGCCGAAAGGCCGAA AGAACAU 
232 UGCUUUG CUGAUGAGGCCGAAAGGCCGAA AGAACAU 
241 AGCUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCUUU 
241 AGCUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCUTO 
241 AGCUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCUUU 
249 CAAGCCA CUGAUGA0XCGAAA0GC3CGAA PCOJOCk 

264 AUCAACU CUGAUGAGGCCGAAAGGCCGAA ACAAUUG 

287 ACUUGAG CUGAUGAGGCCGAAAGGCCGAA AGUOGUG 

295 ACAUGGA CUGAUGAGGCCGAAAGGCCGAA ACUUGAG 
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295 ACAOQGA COSAUSAOaXXAAAGGCOGAA ACOOGAG 

296 OACAOaG aX3WXa«3GCOGaU«GOCX»AA AACDtXa 

297 GGACMX3 CUGAU3AGGCCC3AAAQCXXXSAA AAAOTOG 
297 GGACMX3 CUC3AOG»QaXX3AAAQGCX3GAA AAACOOQ 
314 AGAGAAG CUQAnGAOGCOfflVAAOSCXSWl AW3A0CC 

314 AGJUSAAG COSMKAOCSOCGAAAGGCCXaA AUGAGCC 

315 AAGAGAA COGJtf«AOGCCGAAAGGCCXaA AAUGAGC 
315 AAGAGAA axSAUGAGKXXSAAAOGCCGAA AAUGAGC 

317 CAAAGAG CWaUGaOGCCGAAAGGCOGAA AGAADGA 

318 ACAAAGA CW»»3«0QCCGAAAGGCCGAA AAGAAOG 
318 ACAAAGA CW3AtJGAGC3CCGAAAGGCCGAA AAGAAUG 
320 GCACAAA COGAUSftaOCOGAAAGGCCQAA AGAAGAA 
320 GCACAAA COGAOGAGGCCGAAAGQCCGAA AGAAGAA 
322 CAGCACA CUGAUGAGCSCCGAAAGGCGGAA AGAGAAG 

322 CAGCACA CW3AOSAGGCCGAAAGGCOQAA AGAGAAG 

323 GCAGCAC CWa«X3AGGCCGAAAGGCCGAA AAGAGAA 
33€ GAAAGAC CWSAWSAGCJCOGAAAGGCCGAA AAUCAOC 
341 CUUGW3A C0GAK5AOGCCGAAAGGCCGAA AGACGAA 

341 COUGUGA CUGAUGAGGCCGAAAGGCCGAA AGACGAA 

342 ACUUGUG CUGAOGAQGCCGAAAQGOCGAA AAGACGA 

343 CAOroSU CUGAOGAOQCCGAAAGCMCGAA AAAGACG 
343 CACUUGU CW3WJGAG00CGAAAGGCCGAA AAAGACG 
352 AUCUGAA CUGAUGAGGCCGAAAGGCCGAA ACACUDG 
355 AACAUCU CU3AUGAGGCCGAAAGGCCGAA AAGACAC 
382 UUUCACU CUGAOSAGGCOGAAAGfSCCGAA ACUUGGA 
408 UAACGGC CUGAUGAGGCCGAAAGGCCGAA AGGCAGC 
414 GAGOUGU COGAUGAOGCCGAAAGGCCGAA ACGGCAA 
414 GAGOUGU CUGAOGAOOCCGAAAGOCCGAA ACGGCAA 
421 AUGAGGA CWSAOSAOGCCGAAAGGCCGAA AGUUGUA 
426 UCUUCAU CUGAUSAQGCCGAAAGGCCGAA AGGAGAG 
439 GUCUUCA CUGA0GAGC3CCGAAAGGCCGAA ACUCAUC 
452 GCCAGUA CUGADGAOQCCGAAAGGCCGAA AUUCGGU 
454 UCJGCCAG COGAaSAOGCOGAAAGGCCGAA AGAUUCG 
484 AAOQACA COGAOGAGGCOGAAAGGCCGAA ACAGCAC 
484 AAWSACA CUGAOGAGGCCGAAAGGCCGAA ACAGCAC 
488 CAGCAAO CUGAOaAQGOOGAAAQOCCGAA ACAGACA 
503 ACACOUU CUGAOGAOGCCGAAAQGCCGAA AGUUUCC 
503 ACACUUU OXSAUGAGQCOOAAAGGCCGAA AGUUUCC 
520 GOUCDUA COOADGaVOOCOGAAAGGCCGAA ACUCGGG 

535 GOCAUAU CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 

536 UGUCAUA CUGAUGAQGCOGAAAGGCCGAA AAAGUCC 
538 GUUCUCA CUGAOGAQGCCGAAAQGOCGAA AUAAAGU 
553 AAGAGAG COGAUGAGGOCGAAAOGCCGAA AGGUAGU 
553 AAGAGAG CUGAOtSAOQCCGAAAQGCCGAA AGGUAGU 
556 GAOAAGA CUGAUGA0C3CCGAAAGGCCGAA AGUAGGS 
556 GAUAAGA CUGAUGAGGCCGAAAGGCCGAA AGUAGGU 

GGAW3AU CUGAOGAOGCOGAAAGOCCQAA AGAGAGU 
MGAUGA CUGAWSAGCSCCGAAAOQCCGAA AAGAGAG 
AGGAW3A COGROSAOJCCGAAAGGCCGAA AAGAGAG 



560 
561 
561 
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S61 

566 

566 

581 

583 

583 

598 

608 

611 

611 

612 

641 

649 

649 

655 

656 

659 

664 

667 

671 

682 

682 

682 

683 

683 

685 

685 

687 

698 

698 

718 

718 

729 

729 

729 

737 

737 

737 

745 

745 

759 

759 

759 

760 

760 

760 

761 

771 

771 
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AOCSllXSA COSAIXaflQCXSWUW^^ AAGAGftG 
GGCXXIAG OTGAIX3AGCXXS3AAAGGCCGAA ADGAUAA 
GC5CCCAG aX5AlX3AGGCXX»AAGGOCGAA AUGAUAA 
QGUOXSA CUGAOSAGOCCGAAAGGCCXJAA AQGACCA 
CCGGOCa aX»lX»GGCCGWUyC5GCCGAA AAAOGAC 
CCGGOCa COGAUGAOCXXX3AAAGQ0CGAA AAAQGAC 
ACAGCUS CTOAtXSAGGCCXSAAAGGCCGAA AUGUGCX 
OUOSAAC OXSAIKSAOGCCGAAAGGCCGAA ACACAGC 
UCUUUUS OTGAtXSAOGCCGAAAOGOOGAA AiOGACAC 
CTOAUSAGOXGAAAGOOCXSAA ACGACAC 
^CWroU CW3WIGMQCa3AAAC»XX»^ AACGACA 
AGUGUUU arcWX3AO(XXX3aUUtf3(^^ ACOUCAU 
UAAAGCr C0GAUGAOC3CCGAAAGGCCGAA AGUGUUO 
^^AAAGCC aXMXSAOCXXXSAAAOSCCGAA AGOGOOU 
CUUUACU CUGAUGAGGCOGAAAGGCOGAA AAGCCAA 
ACUUUAC CUGAtXSAGCXXXSAAAGGCOGAA AAAGCX:A 
ACAACOU aX3AUGAaXX:xyUU\OGCCGAA ACUAAAG 
GAUGGAC CTOAIXSAGGCCGAAAGQXGAA ACUtJUAC 
UUUGAUG OXSAIXSAGGCCGAAAGGCCGAA AOVACUU 
CAGCUUU CDGAWSAGOCCGAAAGGCCGAA AOGGACA 
GGUAGAG axaUXMOOCGAAAQGCCGAA AGUCAGC 
QGOAGAG OXaUGAGGCCGAAAQGCCGAA AGUCAGC 
QGOAGAG axy^lKSAGGOCGAAAGGCCGAA AGUCAGC 
QGGUAGA CUSAUGAOGCCGAAAGGCCGAA AAGOCAG 
GQGUAGA CUGAUGAOGCCGAAAGQCCGAA AAGOCAG 
GQGGGUA CUGAircaGGCCGAAAOGfXXSAA AGAAGUC 
OGGGGUA CUGAUCSAGGCCGAAAT, v s^AA AGAAGUC 
UUOGGGG aXSAWSAGGCCGAAAC^XXAA AGAGAAG 
ACUCAGU CUGAUGAOGCCGAAAGGCCGAA AUGUUGG 
ACUCAGU CUGAUGAOGCCGAAAGGCCGAA AUGUUGG 
GUCUGCA OXSAUGAGGCOGAAAGGCCGAA AUGGGUU 
GUuXXa. CUGAUGAGGCCGAAAGGOCGAA AUGGGUU 
AUCCUUU CUGAUGAOGCCGAAAGGCCGAA AGUGUCU 
AUCCUUU CUOAIKSAGGCCGAAAOGCCGAA AGUGUCU 
AUCCUUU CUGAUGAOGCCGAAAGGCCGAA AGUGUCU 
AOCAGGU aiGMXaOCXXXaUlROGCCGAA ADCCOOU 
AGCAGGU CUGAtXSAQOCCGAAAGGCCGAA AUCCUUU 
AfiCAOGU CUGAIXSAOGCCGAAAGGCCGAA AUCCUUU 
GGAAGCA OXSAUGAGGCCGAAAGOCOGAA AGCAGGU 
GGAAGCA CUGAtXSAGOCCGAAAOGCOGAA AGCAGGU 
TOTOGGA CUGAtXSAOOCCGAAAOGCCGAA ACCCCCG 
U™0GC3A CUGAUGAOGCCGAAAGGCCGAA ACCCCCG 
VUOGCSGfL CUGAUGAOGCCGAAAGGCCGAA ACCCCCG 
CUUTOGG aX3AU3AQGCCGAAAOGCCGAA AACCCCC 
CUUU3GG CUGAIX3A0GCCQAAA0GCCGAA AACCCCC 
CUUUQOG CXX1AUGW3GC0GAAAGGCXMAA AACOXC 

GCUUUC3G COGAUGAOGCCGAAAOGCCGAA AAACCCC 
GAGAAGC CUGAUGAOGCCGAAAGGCCGAA AGGCUUU 
GAGAAGC CUGAUGAOGCCGAAAGGCCGAA AGGCUUU 
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776 ACCAAGA OXSAUGAGGCaSAAAGOCaSAA AAGCCSAG 

776 ACCAAGA CTOWXSAGGCXXUU^AGGCa^ AAGCGAG 

778 CAAOCAA OXSAIXSAOQCCGAAAGGCCGAA AGAAGCG 

784 AUUUUCC OWAOGAQQCCXSAAAGGCCGAA ACX!AAGA 

803 UGCCAQG CUSAWSAOGCCGAAAGGCCXSAA AADUCOC 

803 UGCCAGG CTGAOGAGGCCXSAAAGOCOGAA AAUOCOC 

803 OGCCAOG COfiAIJaAfiCSCCGAAAGGaxSAA AAUUCUC 

812 UCGUAOU CWAIKSAOGCCGAAAQGCCGAA AUGCCAG 

812 UCX3UAUU CUOAIXSAOGCCGAAAGGCXXSAA AtXXXAG 

816 AUUGOCG OXSAUGAQQCXXSAAAQGCCGAA AUUGAUG 

816 AUUGUCX5 CO(3UIGW30CXX3AAW«XKAA AUOGAUG 

824 CCUQGGA aXSaaSAGCXXGAAAGGCOSAA AUDGOCG 

®25 OCOIOQO OIGAUGAGGCXXSAAAGGCCXSAA AAOUGUC 

826 AUCCUQG CUGAW3AC3GCCGAAAGGCCX3AA AAAUUGU 

834 GAUUCAG OXSAIXSAGGCCOtfUVAGGCCGAA AUCCOGG 

841 CAAUUCA OIGAUCaGQCXXaAAOGCCGAA AUOCAGG 

841 CAADUCA OXSAtXSAOGCCGAAAGGCCGAA AUUCAGG 

850 AAUGGUS OXSAaaVOXXXSAAAGGCayu^ ACAAUUC 

869 UGAAAUC CUGAUGAGGCCGAAAGGCOSAA AGOUGGC 

869 UGAAAUC OXSAIXSAGGCOGAAAGGCCGAA AGUUGGC 

869 UGAAAUC CUGAWSAOQCOGAAAGGCCGAA AGUUGGC 

873 GUAUUGA OIGAUGAGGCCGAAAGGCCGAA AUCUAGU 

873 GUAUUGA CUGAUGAGGCCGAAAGGCCGAA AUCUAGU 

874 CGUAUUG CUGAUGAGGCCGAAAGGCCGAA AAUCUAG 

875 UCGUAUU CUGAUGAGGCCGAAAGGCCGAA AAAUCUA 
885 UGGUUGC CUGAUGAGGCCGAAAGGCCGAA AGUCGUA 
899 GACACUU OXSAIXSAGGCCGAAAGGCCGAA AUGGUGU 
899 GACACUU CUGAUGAGGCCGAAAGGCCGAA AUGGUGU 
906 UUAAUGA CUGAUGAGGCCGAAAGGCCGAA ACACUUA 
906 UUAAUGA CUGAUGAGGCCGAAAGGCCGAA ACACUUA 
908 AUUUAAU CUGAUGAGGCCGAAAGGCCGAA AGACACU 
911 CAUAUUU CUGAUGAGGCCGAAAGGCCGAA AUGAGAC 
916 AUCUCCA CUGAUSAQGCCGAAAGGCCGAA AUUUAAU 
916 AUCUCCA CUGAUGAGGCCGAAAGGCCGAA AUUUAAU 

943 CCAOGOG CUGAIX3AGGC0GAAAGGCCGAA AGUCCUC 

944 CCCAGGU OWAIIGaGGCCGAAAGGCCGAA AAGUCCU 
1001 CUGCCCC aX3A0G»OGCCGAAAGGCCGAA AAGAGCA 
1034 CGAtXSAC CUGAOSAGGCCGAAAGGCCGAA ACGACUG 
1037 CAACGAU CUGAUGAGGCCGAAAGGCCGAA ACGACQA 
1043 UQAUGAC CUGAUGAGGCCGAAAGGCCGAA ACGAUGA 
1046 UGAUQAU CUGAUGAGGCCGAAAGGCCGAA ACAACGA 
1049 AUUUGAU CUGAUGAGGCCGAAAGGCCGAA AUGACAA 
1060 CUUACAG CUGAtlGAOGCCGAAAGGCCGAA AGCAUUU 
1060 CUUACAG CUGAUGAGGCCGAAAGGCCGAA AGCAUUU 
1060 CUUACAG CUGAUGAGGCCGAAAGGCCGAA AGCAUUU 

1060 CUUACAG CUGAUGAGGCCGAAAGGCCGAA AGCACUU 

1061 GCUUACA CUGAUGAGGCCGAAAGGCCGAA AAOCAUU 
1080 CUUCUGA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
1080 CUUCUGA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
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108^ OC00CC3G axaUGAOCXX3C3AAAGQCOGAA AACAGCX7 

1121 CXSAAOGU OTGAtXSAGGCCQAAMCXXXAA AGGCUGU 

1121 CX3AAOC3U CTOAUGAOGCCGAAAQOCCGAA AGGCUOT 

1121 CX3AA0GU OXSATRSACXXXX^AAAGGXT^ AGGCUGU 

1122 CX3GAAGG CU3AW3AO(XXX3AAW»OC^ AAGGCUG 

1126 AGGCXXXS CW3AIK3AGGCXX»W«3GCCGAA AG6UAAG 

1127 CAGGCCX CUGAUGAGGCCGAAAGGCCGAA AAGGUAA 
1127 CAGGCCC OXSAWSAGQCXXSAAAGQCCGAA AAGGUAA 
1144 UUCAGOJ CUGADGAGQCCGAAAGGCOGAA AUGCUUC 

1144 UUCAGOJ OXSAOSAGGOCXSAAAGGCCGAA AUOCUUC 

1145 GUOCAGC OX^OGMQCCGAAAGGCXXSAA AAUGCOU 
1160 AAAGGAA OXSAUGAOGCXXSAAAGGOCGAA ACOGOCU 

1162 CUAAAGG OXSAIKSAGOCCGAAAGGCCGAA AGACGGU 

1163 ACUAAAG CUCSAUGAGGCCGAAAOGCCGAA AAGACGG 
1167 AAGAACU CUGAUGAGGCCGAAAGGCCGAA AAGGAAG 
1177 AUQGACA OXtf^JGAOGCCGAAAGGCCXSAA AGAAGAA 
1181 CCACKVG CUGAUGAGGCCGAAAGGCCGAA ACAGAGA 
1181 CCACAtIG CUGAUGAGGCCGAAAGGCCGAA ACAGAGA 
1192 UACCAtX3 CUGAUGAGGCCGAAAGGCCGAA ADCCCAC 
1199 CACAUAA CUGAUGAGGCCGAAAGGCCGAA ACCAUGU 
1201 GCCACAU CUGAWSAGGCCGAAAGGCCGAA AUACCAU 
1210 ACCUCAU CUGAUGAGGCCGAAAGGCCGAA AGCCACA 
1210 ACOXrAU CUGAUGAGGCCGAAAGGCCGAA AGCCACA 
1223 AAAGAAA CUGAUGAGGCCGAAAGGCCGAA AUUGUAC 
1225 UGAAAGA CUGAUGAGGCCGAAAGGCCGAA AGAUUGU 

1225 UGAAAGA OJGAtJGAGGCCGAAAGGCCGAA AGAUITW 

1226 OXSAAAG CUGAUGAGGCCGAAAGGCCGAA AAGA 

1227 GCUGAAA CUGAUGAGGCCGAAAGGCCGAA AAAG..JO 
1227 GCUGAAA CUGAUGAGGCCGAAAGGCCGAA AAAGAUU 
1227 GCUGAAA CUGAUGAGGCCGAAAGGCCGAA AAAGAUU 

1229 GUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGAAAGA 

1230 GGUGCUG CUGAUGAGGCCGAAAGGCCGAA AAGAAAG 
1252 UGUCCGA CUGAUGAGGCCGAAAGGCCGAA AGAUCAG 
1274 UUAACUC CUGAUGAGGCCGAAAGGCCGAA AUCUUGU 
1310 GGAAAGA CUGAUGAGGCCGAAAGGCCGAA ADCCUCA 
1312 AUGGAAA CUGAUGAGGCCGAAAGGCCGAA AAAUCCU 
1314 UGAUGGA CUGAUGAGGCCGAAAGGCCGAA AGAAAUC 
1316 CCUGAOG CUGAUGAGGCCGAAAGGCCGAA AAAGAAA 
1320 GCUUCCU CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
1320 GCUUCCU CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
1339 CCCAGCA CUGAUGAGGCCGAAAGGCCGAA ACUUGCC 
1355 AUCAAGC CUGAUGAGGCCGAAAGGCCGAA AUCAAAC 
1437 UUUUUCU CUGAUGAGGCCGAAAGGCCGAA AUACCAC 
1«7 UUUUUCU CUGAUGAGGCCGAAAGGCCGAA AUACCAC 
1475 GCACUAA CUGAUGAGGCCGAAAGGCCGAA ACUAGGC 
1477 uuGCAGU CUGAUGAGGCCGAAAGGCCGAA AGACOAG 

1487 ACAUAUC CUGAUGAGGCCGAAAGGCCGAA AGUUGCA 

1491 CAUGACA CUGAUGAGGCCGAAAGGCCGAA AUCAAGU 

1491 CAUGAOV CUGAUGAGGCCGAAAGGCCGAA AUCAAGU 
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1505 AGACACC CIX^AUGAOGCCXSAAAOGGOGAA ACCAAAC 

1530 COUCAGA CUGAOGAOGCCGAAAGGCCGAA AAGGGCA 

1531 UCUUCAS CUGAtXSAOGCXX^AAAGGCOGAA AAAOGGC 

1532 CUCUUCA CtXSAUGAOOCCXSAAAOGCCGAA AAAAGQG 
1532 OJOJOCk COGAUGAGGCCGAAAOGCCGAA AAAAGGG 
1644 ACAUCXX CUGAUGAGGCOaUAGGCCGAA ACCAUAG 
1652 CX3G0UUU OTSAUGAGGCOGAAAGGCOGAA ACAUCCC 
1652 COKJUUU CUGAUGAOGXXXSAAAOGCXXAA ACAUCXT 
1670 UAAOAUU OKSAOCMGCCGAAAOGCXXSAA AUAUUAU 
1674 UAOUUAA CUGAUGAGGCCGAAAGGCCGAA AUUUAUA 

1676 UUUAUUa CUGAUGAGGCCX3AAAGGCCGAA AUAUUUA 

1677 UUUUAUU CUGAOGAOGCCGAAAGGCOGAA AAOAUUU 
1677 UUUUAUU OXStfUXyyOGCOGAAAGGCCGAA AAOAUUU 
1694 UaOQCUC CUGAXXSAOGCOGAAAOGCCXSAA AUACUCU 
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Table BVL Human 87-2 Hammeiliead Ribo^e Sequences 



nt. 

Position 



HH Target Sequence 



nt 
Position 



HH Target Sequence 



16 


GAAAOCtT tl mrrinrrT 


Z /I 


17 




273 


21 




274 


22 




275 


24 




294 


34 




298 


44 




299 


70 


vjvajiaAjU W AUUUUUA 


310 


73 




312 


74 




315 


75 




316 


81 




330 


83 


CAf^TTATT FT AfiTTVfcr' 


331 


84 


AGAUAT1TT & fy5rir»aoi 


340 


88 




341 


113 


AAUCGAtT r rrr^rsv^ 


344 


125 




345 


137 


<-iv».VAjAijU A AI»AUUV«U 


351 


142 


f^TA&^&ft ft ^Yt^rirfrv^ 
uUAAUAU U CUCUUUG 


353 


143 


UAAjuAuU C uCUUUGCJ 


368 


145 


AwiUUCU C UUUGUGA 


369 


147 


AUUCUCU tT rjra'irsMir: 


370 


148 


UUCUCTJU II CXVl^tYy^ 


374 


159 




375 


160 


UGGCCUU C CUGCUCU 




166 


UCCOGCU C UCOGGUG 


397 


168 


CUGCUCU C UGGUGCU 


398 


179 


UGCUGCU C CUCUGAA 


404 


182 


UGCUCCU C UGAAGWJ 


406 


190 


UGAAGAU U CAAOOJU 


407 


191 


GAAGAUU C AAOCUUA 


412 


197 


UCAAGCU U AOUUCAA 


426 


.198 


CAAGCUU A UUUCAAU 


429 


200 


AGCUUAU U UCAAUGA 


431 


201 


GCUUAUU U CAAUGAG 


437 


202 


CUUAUUU C AAUGAGA 


439 


231 


UGCCAAU U UGCAAAC 


442 


232 


GCCAAUU U GCAAACU 


446 


240 


GCAMCU C UCAAAAC 


469 


242 


AAACUCU C AAAACCA 


470 


265 


GUGAGCU A GUAGUAU 


475 


268 


AGCUAGU A GUAUUUU 


488 



UAGUAGU 
GUAGUAU 
UAGUAUU 
AGUAUUU 
GAAAACU 
ACUUGGU 
CUUGGUU 
ADGAGGU 
GAGGUAU 
GUAUACU 
UAUACUU 
GAGAAAU 
AGAAAUU 
ACAGUGU 
CAGUGUU 
UGUUCAU 
GUUCAUU 
UCCAAGU 
CAAGUAU 
CACAAGU 
ACAAGUU 
CAAGUUU 
UUUU3AU 
UUUGAUU 
GGACAGU 
UQAGACU 
GAGACUU 
UCACAAU 
ACiAAUCU 
CAAUCUU 
UUCAGAU 
AAGGGCU 
GGCUUGU 
CUUGUAU 
UCAAUGU 
AAUGUAU 
GUAUCAU 
CAUCCAU 
GAAUCAU 
AAUGAUU 
UUCGCAU 
GAUGAAU 



A UUUUOGC 
U UUGGCAG 
U OSGCAGG 
U GGCAGGA 
U GGUUCUG 
U CUGAAUG 
C OGAAUGA 
A UACUUAG 
A CUUAGGC 
U AGGCAAA 
A QGCAAAG 
U UGACAGU 
U GACAGUG 
U CAUUCCA 
C AUUCCAA 
U CCAAGUA 
C CAAGUAU 
A UAUGGGC 
A OGOGOX; 
U UUGr- u: 
U UGAOUCG 
U GAUUCGG 
U CGGACAG 
C GGACAGU 
U GGACCCU 
U CACAAUC 
C ACAAUCU 
C UUCAGAU 
U CAGAUCA 
C AGAUCAA 
C AAGGACA 
U GUAUCAA 
A UCAAUGU 
C AAUGUAU 
A UCAUCCA 
C AUCCAUC 
C CAUCACA 

C ACAAAAA 
U CGCAUCC 
C GCAUCCA 
C CACCAGA 
■w CUGAACU 
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469 




751 


498 






505 




701 


509 






513 




TOT 


514 

J A V 










737 




WUUAAAU A GuACCAA 


746 




AAAuAiSU A OCAAUUU 


754 


3 JO 


UAvJUAAU U UCiXiAAUA 


756 




ACCAAUU U CUAAQAU 


757 




CCAAuUU C UAAUAUA 


761 




AAUuUCu A AUAUAAC 


763 




UUCUAAU A uaACAGA 


764 


34 r 


CUAAUAU A ACAGAAA 


787 




AAIAjUGU a cauaaau 


788 


303 


UvjUACAU a AAUuiajA 


789 




^&TT&&&rT ffT f l^ft/V^ W 

U IAjACCUG 


790 


570 


AfT&ii&rTri TT /^ft /■v'^ 
AUivVAUU U (oACdAiC^ 


792 


579 


urTTtfVTT ikf tr^rftTTft 


794 


582 


lAjs^uwiU U UAUAUvU 


795 


584 


PTTOArTTTT & fT^/^HrVSr* 


800 


586 


CATiniMT A OArv^r^WT 




593 


APArW^t fT A^^TY^Kr^a 


802 


594 


PAOTirrrTTT a /"Yv^Anaa 

ft.^-.\j*jUU A V.uLJUiAA 


804 


605 




80<S 


619 


TfT^AfTTirZTT If riTW^Tm 


808 




nA/3V7irT ft fB'VTTRX^ 


814 


621 


Al^nTTTITT TT /V^TMk^ft 


624 


625 


T TTff TT tn/T T R fc/^ft ft#'V^ft 

UUUlAiCU A AuAACCA 


830 


638 


^R&/**XftrT FT r**ft/TTftT* 


844 


6')<) 


AmxAAUU L AACUAUC 


845 




TTTCr^&ft^rT ft T^^^ft/*^Tft 

UUwwvuu A UCGAGUA 


848 




CAACUAU C GAGUAUG 


853 


651 


>UXasAuU a ugauqgu 


854 


f;5Q 


IKaAUGGu A uUAUQCA 


862 


661 


MA9GUAU U AUGCAmA 


865 


662 


UQCSmtltT A TV^Ar^AA 


obo 


672 




0 l*k 


674 




0 f D 


680 


UCAAGAU A AUGUCAC 


877 


685 


AUAAUGO C ACAGAAC 


878 


696 


GAACUGU A CX3ACGUU 


880 


703 


ACGACGU U UCXAUCA 


892 


704 


CGACGUU U CCAUCAG 


893 


705 


GAC3GUUU C CAUCAGC 


894 


709 


UDUCCAU C AGCUUSa 


895 


714 


aucagcu u gucuguu 


899 


717 


AGCUl>SU C UGUUUCA 


901 



CX3UCUGa U UCAUUCC 
GDCOGUU U CAUUCCC 
UCUGUUU C AUUCCCD 
GUUUCAO U CCCOGAU 
UUUCAUU C CXHIQAtlG 
CUGAUSU U AOGAOCA 
UGADGUU A CGAGCAA 
GAGCAAU A -UGAOCAU 
tXSACCAU C UUCUGUA 
AOCAUCU U CUGUAUU 
CCAUCUU C ttSUAUUC 
CUUCUGU A UUCUGGA 
tXTCUAU U CUGGAAA 
CUGUAUU C UC3GAAAC 
CGCGGCU U UUAUCUU 
GCQGCUU U UAUCUUC 
CX30CUUU U AUCUUCA 
GGCUUUU A UCUUCAC 
CUUUUAU C UUCACCU 
UUUAUCU U CACCUUU 
UUAUCUU C ACCUUUC 
UUCACCU U UCUCUAU 
UCACCUU U CUCUAUA 
CACCUUU C UCUAUAG 
CCUUUCU C UAUAGAG 
UUUCUCU A UAGAGCU 
UCUCUAU A GAGCUUG 
UAGAGCU U GAGGACC 
GGACCCU C AGCCUCC 
UCAGCCU C CCCCAGA 
ACCACAU U CCUUGGA 
CCACAUU C CUUGGAU 
CAUUCCU U GGAUUAC 
CUTOGAU U ACAGCUG 
UUGGAUU A CAGCUGU 
CAGCUGU A CUUCCAA 
CUGUACU U CCAACAG 
UGUACUU C CAACAGU 
CAACAGU U AUUAUAU 
AACAGUU A UUAUAUG 
CAGUUAU U AUAUGUG 
AGUUAUU A UAUGUSU 
UUAUUAU A UGUGUGA 
UGAUGGU U UIKTUGUC 
GAU3GUU U UCUGUCU 
AUGGUUU U CUGUCUA 
UGGUUUU C UGUCUAA 
UUUCUGU C UAAUUCU 
UCUSUCU A AUUCUAU 
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904 GUCOAAD U COAOGGA 

905 tlCUAAUU C UAUGGAA 
907 UAADdCU A U3GAAAU 
935 GCQOCCU C GCAACUC 
942 CXXMCU C UUAUAAA 

944 CAACUOJ U AUAAAOG 

945 AACOCOU A OAAAOSa 

947 CUCUUAU A AAUGOGG 

1009 AAAAAAD C CAUAOAC 

1013 AADCCAU A UACCOGA 

1015 UCCAUAU A CXXXSAAA 

1026 GAAAGAU C UQAUGAA 

1045 AGQGOGa U UUUAAAA 

1046 GOGOGUU U UUAAAAG 

1047 CX3UGUUU U UAAAAGU 

1048 GWUUUU U AAAAGOU 

1049 UGOOUUU A AAAGODC 

1055 UAAAAGU U CGAAGAC 

1056 AAAAGUU C GAAGACA 
1065 AAGACAU C UUCAOGC 

1067 GACAUCU U CAUGCGA 

1068 ACAUCUU C AUGCGAC 
1085 AAGCX3AU A CAUGUUU 

1091 UACAUGU U UUtJAAUU 

1092 ACAUGUU U UUAAUUA 

1093 CAUGUUU U UAAUUAA 

1094 AUGUUUU U AAUUAAA 

1095 UGUUUUU A AUUAAAG 

1098 UUUUAAU U AAAGAGU 

1099 UUUAAUU A AAGAGUA 
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enoes 



HHRibozyme Sequences 

Jrosuzon 

Ifi AGAAGCA COSWWAGGCCOAAAOGCCQAA AOCOOOC 

17 GAGAAGC COaAWSAOGCCGAAAQGCCGAA AAGCUUU 

21 AOCACAG Ca3a»GaG«MC»AAGCXXXaA AGCAAAG 

22 CAGCAGA CW3MX3aU3GCCGAAAGQCCGAA AAGCAAA 

34 OCCOJGU CWaUIGAGOCCGAAAGGOCGAA ACAGCftG 

44 OOreUCSC COOAWSAQGCCGAAAaGCXXSAA AGtTOCCU 

70 OGGAAAO OXSAIXSAGGCCGAAAGQCCGAA ACCCCRC 

73 AUOKSGA CUCaUGAGGCCGAAAQGCCGAA AOGACOC 

74 UAUCOGG CUGAW3*GGCCaAAAOGCCGAA AADGftOC 

75 AUMJOJG CWSMJGWSaXGAAAQQCOGAA AAAUGAC 
81 GACCUAA COGWXSAGC3CCGAAAGGCCC3AA AUCOGGA 

83 GUGJVCCO aJGAIxaOGCCGAAAGGCCGAA AUAUCUG 

84 UGOGACX CUGAW3AOGCCGAAAGOCCGAA AAUMJCU 
88 COGCUGU aX3WK5AaXXX3AAAGGCOGaA ACCUAAO 
113 CACUGOG C0GAUtSAGCXXX3AAAGGCCX»A AUOCAUU 

ACUCCCA OJGAUCaGGCCGAAAGGCCGAA AGOGCAC 

137 AGAAUGU CWaUGAGGCCGAAAGGCCXSAA ACOCAGU 

142 CAAAGAG CUGAUGAOGCCGAAAGGCCG ' AOGUUAC 

143 ACAAAGA CUQAUGAGGCCGAAAGGCCUAA AAUGOUA 
145 OCACAAA COGAUGAGGCCGAAAOGCOSAA AGAADGO 

147 CAWCACA OIGADGAGGCCGAAAGGOCGAA AGAGAAU 

148 CCADCAC CUGAOGAQGCrGAAAGGCCGAA AACAGAA 

159 GAGCAGG CWSAUGAfiGCCGAAAGGCCGAA AGGCCAU 

160 AGAGCAG CUGAUGAGGCXXJAAAGGCCXSAA AAOQOCA 
166 CACCAGA COSAUGAGGCOGAAAGGOCGAA AGCAGGA 
168 AGCACCA COGMIGAQGCCGAAAGGCCGAA AGAGCAG 
173 OOCAGAG COSA0GAGGCCX3AAAGGCCXSAA AGCAGCA 
182 AOCUOCA CUGAOGAGGCOGAAAQGOCGAA AGCaWCA 

190 AAGCUUG COGADGAQGCOSAAACGCCGAA ADCOOCA 

191 "AAGOJU CUQAOGMtXXXSAAAOaWSAA AAD^ 

197 0W3AAAU COGAWSAQGCCGAAAGGOOSAA AOCUOGA 

198 AOUGAAA CW»tfKA(WCC3GAAAGGCCX»A AAGCUDG 
200 OCAOUGA CUGAUGAGGCCGAAAGGCCGAA ADAAGCU 

CUCAUU3 CUGAUGAGGC0GAAAGC30CGAA AAUAAOC 

202 UCUCAUU COGAUGAGGCCGAAAQOOCGAA AAAOVAC 

231 GUUUGCA CUCSAUGAQGCCGAAAGGCOGAA AOUGOOl 

232 AGUOOGC OXSAUGMGCtXWUiaMCGAA AADUGOC 
GUUUUGA CUGAUGAGGCCGAAAGGCCGAA AGOUUCC 

CUGAUGAGGCCGAAAGGCCGAA AGAGDDD 
AUACUAC CUGAUGAGGCCGAAAGGCCGAA AGCUCAC 



240 
242 
265 
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268 AAAADAC CUGMXSWXX^DGAAAGGCCGAA ACUAGCU 

271 GCCAAAA ClKSAWSAOCXXXyjlAGaXG^ ACUACUA 

273 OKSCCAA OKSAOGMOCCGAAAGGCCGAA AUACUAC 

274 CCUSCCA CUGAUGAGGCCGAAAGGCCX3AA AAUACUA 

275 UCCUGCX: CUGAUGAOC3CXX5AAAQGCCGAA AAAUAOJ 
294 CAGAACr CtlGAWaAGGCCGAAAGGCCGAA AGUUUUC 

298 CAUCJCAG CUSAUSAOGCCGAAAQGCCGAA ACCAAGU 

299 UCAOUCA OKAIXSAGGCXXSAAAGGCCXAA AACCAAG 
310 CUAAGUA CUSAUQAGGCCGAAAGGOXAA ACCUCAU 
312 GCOIAAG CIXSAIXSAOGCOSAAAGQCCGAA AUACCOC 

315 UWXSCOJ OXSWIGAOGCXXSAAAGGCOG^ AGOAUAC 

316 CTUUGCr CUGAOSJVQGCCGAAAGOCCGAA AAGUAUA 

330 AOJGUCA CUGAU3AGGCCGAAAGGCXX5AA AUUUCUC 

331 CACOGOC aX3AUGAGGCCGAAA0GCCGAA AAUUUCU 

340 UGGAAW3 COGAOGAGGCCGAAAGQCCXSAA ACACUGU 

341 DUGGAAU OKSAWSAGGCOGAAAGGCCGAA AACAOXJ 

344 UACTOGG CUGAUGAGC3CCGAAAGGCCGAA AUGAACA 

345 AOACUro CUGAIXSAGCXTGAAAGGCCGAA AAUGAAC 
351 GCCCAUA OX^AUGAGGCCGAAAGGCCGAA ACUUGGA 
353 CX3GCCCA CUGAUGAQGCCGAAAGGCCGAA AUACUUG 

368 GAAUCAA OXSAlXaUXSOCGAAAGGCCGAA ACUOGUG 

369 CGAAOCA OJGACXSAGGCXXSJUUUXXXXS^ AACUOGU 

370 CCGAAUC CUGAUGAGGCCGAAAGGCCGAA AAACUUG 

374 OXSUCCG CUGAUGAGGCCGAAAGGCCGAA AUCAAAA 

375 ACUGUCC CUGACJGAGGCCGAAAGGCCGAA AAUCAAA 
383 AGGGlKXr COGAUCSAGOCCGAAAGGCCGAA ACUGOCC 

397 GAUOGUS CUGAUGAGGCCGAAAGGCCGAA AGT' ^CA 

398 AGAUUGU CUGAUGAGGCCGAAAGGCCGAA AAv OOX: 
404 AUCUGAA CUGAUGAGGCCGAAAGGCCGAA AUUGOGA 

406 UGAUCtX; CUGACX»GGCCGAAAGGCCGAA AGAUUGU 

407 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AAGAUUG 
412 UGUCCUU CUGAUGAGGCCGAAAGGCCGAA AUCUGAA 
426 UUGAUAC CUGAUGAGGCCGAAAGGCCGAA AGCCOTU 
429 ACAUUGA CUGAU3A0GCCGAAAGGCCGAA ACAAGCC 
431 AUACAUU CUGAU3AGGCCGAAAGGCCGAA AUACAAG 
437 UOGAUGA CU3AUGA0GCCGAAAGGCCGAA ACAUUGA 
439 GAOTGAU CUSAUGAOGCCGAAAGGCCGAA AUACAUU 
442 tXSUSAtXS CUGAUSAGGCCGAAAGGCCGAA AUGAUAC 
446 UUUUUGU CUGAUGAGGCCGAAAGGCCGAA AUGGAUG 

469 GGAUGCG CUGAUGAGGCCGAAAGGCCGAA AUCAUUC 

470 UGGAUGC CUGAUGAQGCCGAAAGGCCGAA AAUCAOU 
475 UCUGGUG CUGAUGAGGCCGAAAGGCCGAA AUGCGAA 

488 AGUUCAG CUGAUGAGGCCGAAAGGCCGAA AUUCALC 

489 CAGUUCA CUGAUGAGGCCGAAAGGCCGAA AAUUC;^; 
498 AAGCACU CUGAUGAGGCCGAAAGGCCGAA ACAGUUC 
505 AGUUAGC CUGAUGAGGCCGAAAGGCCGAA AGCACUG 
509 CUGAAGU CUGAUGAQGCCXaAW3GCCGAA AGCAAGC 

513 UUGACUG CUGAUGAGGCCGAAAGGCCGAA AGUUAGC 

514 GUUGACU CUGAUGAGGCCGAAAGGCCGAA AAGUUA3 
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5X8 
529 



UCAGGUU OXSAUGAGGCCGAAAOGCCGAA ACUGAAG 
UUQC3UAC OXSAUGAQCSCCXSAAAOGOCXaVA l^iJUUCAG 

532 AAAOOGG CUGAUCSAGtXCCSAAWXXXXSAA ACUAUUU 

538 UAUUAGA CUGACX5AGGCCGAAAGGCCX3AA AUUGGUA 

539 AUMWAG CUGAUGAGGCCGAAAOGCCGAA AAUUGGU 

540 UAUAUUA CUGAIX3AOGCXX3JVAAOGCCGAA AAAUUOG 
542 GUUAUAU OKAOGMCXXXSAi^^ AGAAAUU 
545 UCOGUUA COGAUGAGGCOGAAAGGOCGAA AUUAGAA 
547 UUUCUGU CUGAUGAGGCXX5AAAGGCCGAA AUAUUAG 
561 AUUUMJG CUGAtXiAGGCCGAAAGOCCGAA ACACAUU 
565 UCAAAUU CUGAtraAGCXXX3WUKOGCXX3AA AIK5UACA 

569 CAGGUCA CUGAWSAGGCCXawUXICCGAA AUUUAUG 

570 GCAGGUC OXSAOGAGCXrGAAAGGCCXSA^ AAUUUAU 
579 UAUACAU OXSADGAGGCCGAAAGGCXGAA AGCAGGO 
582 GCJ3UAUA OXSAOGAGGCCGAAAGGCXXSAA AUGACCA 
584 CCGUGUA COGAUGAGGCOGAAAGGCCX^A AGAUGAG 
586 AACCX^UG CUGAOGAGGCCGAAAGGCOGAA AUAGAUG 

593 OCOGGGU COGAUGAGGCXXJVAAGGCCGAA ACCGUGU 

594 UUCUGGG CUGAUGAGGCCGAAAOGCCGAA AACCGUG 
605 AUCUUCU CUGAUGAQGCCGAAAGGCCGAA AGGUUCU 

619 UUAGCAA CUGAUGAGGCCGAAAGGCCGAA ACACUCA 

620 CUUAGCA CUGAUGAGGCCGAAAOGCCGAA AACACUC 

621 UCUUAGC CUGAUGAGGCCGAAAGGCCGAA AAACACU 
625 UGGUUCU CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 

638 AUAGUUG CUGAUGAGGCCGAAAGGCCGAA AUUCUUG 

639 GAUAGUU CUGAUGAGGCCGAAAGGCCGAA AAUUCUU 
644 UACUCGA CUGAUGAGGCCGAAAGGCCGAA AGUUGAA 
646 CAUACUC CUGAUGAGGCCGAAAGGCCGAA AUAGUUG 
651 ACCAUCA CUGAUGAGGCCGAAAGGCCGAA ACUCGAU 
659 UGCAUAA CUGAUGAGGCCGAAAGGCCGAA ACCAUCA 

661 UCUGCAU CUGAUGAGGCCGAAAGGCCGAA AUACCAU 

662 UUCUGCA CUGAUGAGGCCGAAAGGCCGAA AAUACCA 
672 AUCUIIGA CUGAUGAGGCCGAAAGGCCGAA AUUUCUG 
674 UUAUCUU CUGAUGAGGCCGAAAGGCCGAA AGAUUUC 
680 GUGACAU CUGAUGAGGCCGAAAGGCCGAA AUCUUGA 
685 GUUCUGU CUGAUGAOGC0GAAAGGCXX5AA ACAUUAU 
696 AACGUOG CUGAUGAGGCCGAAAGGCCGAA ACAGUUC 

703 UGAOQGA CUGAUGAGGCCGAAAGGCCGAA ACGUCGU 

704 CUGAUGG CUGAUGAGGCCGAAAGGCCGAA AACGUCG 

705 GCUGAUG CUGAUGAGGCCGAAAGGCCGAA AAACGUC 
70^ ACAAGCU CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 

AACAGAC CUGAUGAGGCCGAAAGGCCGAA AGCUGAU 
^^SAAACA CWyiUGAGGCOGAAAGGCCGAA ACAAGCU 
QGAAUGA CUGAUGAGGCCGAAAGGCCGAA ACAGACA 
OGGAAOG CUGAUGAGGCCGAAAOGCCGAA AACAGAC 
AGGGAAU CUGAUGAGGCCGAAAGGCCGAA AAACAGA 

AUCAGGG CUGAUGAQGCCGAAAGGCCGAA AUGAAAC 

CAUCAGG CUGAUGAGGCCGAAAGGCCGAA AAUGAAA 
«3CUCGU CUGAUGAGGCCGAAAGGCCGAA ACAUCAG 



709 
714 
717 
721 
722 
723 
726 
727 
736 
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737 ITOGCOCO CUGAlX»GGC0aAAAQGCX3GAA AACAUCA 

746 AOSGUCA OXSWXSAOQCaSWU^GGC^^ AUUGCUC 

754 OACAGAA OXSAIIGAaGOCGAAAOCXXXUA AUGGUCA 

756 AADACAG OXyUXSAGGCCGAAAGGCCGAA AGAUGC3U 

757 GAAUACA C0GAOGAGGCCGWUU3GCCGAA AAGADGG 
761 UCCAGAA aJSAUtSAGGOXaUUVQCXXMAA ACAGAAG 

763 UODCCAfl CCIQAW3UVOCXXX3AAAGC>:0^ AUACAGA 

764 GODUCCA aJOAUSAOGCCGAAAGGOCGAA AAUACAG 

787 AAGAUAA C0GAW3AGGCCGAAAOGCCGAA AGCCOCG 

788 GAAGAUA COMISAGOCCGAAAGOCCGAA AACCCOC 

789 WAAGAU aX5AUQAGaXX3AAAOQCXXSAA AAAGCC» 

790 GOSAAGA aJGAOGaUSGCCGAAAOOCCGAA AAAAOCC 
792 AGGUSAA OTSAOSAGQCCGAAAGGCCGAA AUAAAAG 

794 AAA0GW3 OXSAOSAGGCCGAAAOCSCCGAA AGAUAAA 

795 GAAAGGU OXSAOGAOGCCGAAAGGCCGAA AAGAUAA 

800 AUAGAGA COGAtlSAQGCCXSAAAGGCXZGAA AOGUGAA 

801 UAUAGAG OXSAUGAGGCCGAAAGGCCGAA AAGGUGA 

802 COAUAGA amUCSMGCOGAAAGGCOGAA AAAGGUG 
804 CUCUAUA OJGAIXSAGGCCGAAAGGCCGAA AGAAAOG 
806 AGCOCUA OXa^UGAOGCCXSAAAGGCCGAA AGAGAAA 
808 CAAGOJC aX3AUGA0QCCX»AAGG0CGAA AUAGAGA 
814 GGOCCUC OXSAUSAGGCCGAAAGGCCGAA AGCUCUA 
824 GGAGGO; CTOAlX»tfX»XaUU«3GCCGAA AGGGUCC 
830 UCUOGGG CUGAlXaGGCCGAAAGGCCGAA AGGCOGA 

844 UCCAAGG OXSAUGAOGCCGAAAQGCCGAA AOGOGGU 

845 AUCCAAG CUGAUGAOGCCGAAAGGCCGAA AAUGUGG 
848 GUAAOCC CUGMX»GGCOGAAAGGCCXaVA AGGAAUG 

853 CAGCUGD COGAtXSAGGCOSAAAOGCCX^AA AUCCAAG 

854 ACAGCUG CUGAUGAOGCCGAAAGGCCGAA AAUCCAA 
862 UUGGAAG COGAUGAGGCOGAAAGGCCGAA ACAGCUG 

865 CUGUUGG CUGAUSAGGCCGAAAGGCCGAA AGUACAG 

866 AOKSUUG OJGADGAOGCCGAAAGOCCGAA AAGUACA 

874 AUAUAAU CUGAUGAGGCOGAAAGGCCGAA ACUGUUG 

875 CAUAUAA CUGAIX5AGGCCGAAAGGCCGAA AACUGUU 

877 CACAUAU CUGMX3AGGCCGAAAGGCCGAA AUAACUG 

878 ACACAUA CUGA0GAOOCCGAAAGGOCGAA AAUAACU 
880 OCACACA CUGAOGAGGCCGAAAOGCCGAA ADAAUAA 

892 GACAGAA CUGAOSAOGCCGAAAGGCCGAA ACCAUCA 

893 AGACAGA OKSAOGAGGCCGAAAGGCCGAA AACCAUC 

894 UAGACAG CUGAUGAOGCCGAAAGGCCGAA AAACCAU 

895 UUAGACA CUGAUGAGGCOGAAAGGCCGAA AAAACCA 
899 AGAAUUA CUGAUGAOGCCGAAAGOCOGAA ACAGAAA 
901 AOAGAAU CUGAUGAOOCCGAAAOOCCGAA AGACAGA 

904 UCCAUAG CUGAUGAGGCCGAAAGOOCGAA AUUAGAC 

905 UUCCAUA CUGAUGAOGCCGAAAGGCCGAA AAUUAGA 
907 AUUUCCA CUGAUGAOGCCGAAAGGCCGAA AGAAUUA 

935 GAGUUGC CUGAWSA0GCCGAAAGCXX3GAA AGGCCGC 

942 UOUAUAA CUGAUGAGGCCGAAAOGCCGAA AGUUGCG 

944 CAUUU?JJ CUGAUGAOGCCGAAAGGCCGAA AGAGUUG 
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945 ACAUUUA COGWX»GGCCG3UJtfXXXX3AA AAGAGOT 

947 C3CACAUU CUGAUGAGC3CCGAAAGGCCGAA AOAAGAG 

1009 GUAUAW3 CUSAUGAGGCXX3AAAGGCCX3AA AUUUUUU 

1013 UCAGGUA CUGAIX5AGGCCX3AAAGGCCGAA AUGGAUU 

1015 UUUCAGG aXMJGAQQCCCSAAAGGCCGAA AUMX5GA 

1026 UOCAOCA OXSAOSJUOGCCGAAAGGCCGAA AUCUUUC 

1045 UOUOAAA aX5AtX3AGGCCX5AAAGOCOGAA ACACGCU 

1046 COUOUAA OXaWSAGGCXXSAAAOSCCGAA AACACGC 

1047 ACUOUUA CTOAIXSAGGOCGAAAGGCCGAA AAACACG 

1048 AACUOOT COTAlK3A(XXXXaUUtf3GCCGAA AAAACAC 

1049 GAACOOU OXSAWSAOGCCGAAAOCXXXSAA AAAAACA 

1055 GOOJOCG CTOAIXWGGOCXSJUIAOGCCGAA ACUUOUA 

1056 JXXOJUC CXX3AWSAGQCXX3AAAGGCCGAA AACUUUU 
1065 GCAUSAA COSAIKSAGGCCGAAAGGCOGAA AUGOCUU 

1067 UCGCAUS CWSMXSAGCSCOGAAAGGCCG^ AGADGOC 

1068 GUOGCAD CUSAUGAGGCCX5AAA0GCXX»A AAGAUGU 
1085 AAACAIX3 OWAUGAOGCCGAAAGGCXXSAA ADCACUU 

1091 AAUUAAA C0GAUGAGGCCGAAAGC3CCGAA ACAUGUA 

1092 UAAUUAA OXSAUGAGGCOSAAAGGXXGAA . AACAUGU 

1093 UUAAUUA CUGAUGAGGCXX3AAAGGCCGAA AAACADG 

1094 OODAAUU CUGAOSAGGCXXSAAAfiGCCGAA AAAACAU 

1095 CUUOAAU ClKSAIX^CSGCCGAAAGGCXrGAA AAAAACA 
10^8 ACUCUUU CUGAUGAGGCCGAAAGGCCGAA AUUAAAA 
1099 UACUOJU CUGAtXaW3CXX:GAAAGGCCGAA AAUUAAA 
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Table BVDL Mouse 87-2 Hammerixead Ribozyme Tax^et Sequc 



lences 



nt HH Target Sequence 
Ptoation 

47 AcOGACU u GaACAac 

47 aCggACU u gaAcAAC 

66 CUccUgU a gAcGUgU 

66 CUCcU^ A gAcGCIQu 

74 gAcGUGU u CcagAAc 

83 CaGaACU U aCggaAG 

134 caAuCcU U aOCUUUG 

134 CaaxiccU U AOCUUlig 

134 caAEICcU u AuCUUU^ 

134 CAaUccU U ADcUuUG 

134 CAAucCU U AUcuuUG 

135 aAuCcUU a OCUUUGU 
135 aAuCcUU a UCOuUgu 
135 AaUccUO A UcUuOSU 
135 aAUccUU a OCOuUgU 
137 uCcUUaU C UUUGUGA 
137 UccUUAU c UuUGOGA 
137 UCCuUAU c uuUGugA 

139 cUUaUCU U UGUGAca 

140 UUaOCUU U GUGAcaG 
140 UUaUcuU U guGACAG 
149 OGAcaGU c UUGCUgA 
151 AcAGucU U GCUgaUC 
151 AcaGuCU U gCOGaUC 
158 U^GAU c OcAGaUg 
158 UgCUGaU C CXTaGaUG 
158 UGcUgAU c uCAgaUg 
158 UgCugAU c OCagAU^ 
160 CUGaUCU C aGaUQOJ 
160 cOGaOeU c AgAuGcU 

170 AUGcuGU u UcCgUgG 

171 UGCX)GuU u CcgUGgA 

172 gCUgUuU C cgUgGAG 
189 GcaaGcU u AUUUCaA 
189 gCAAGCU U AUUDCAA 

189 GCaaGCU u AuUUCAa 

190 CAAGCUU A UUUCAAU 

190 CaAgcUU a uUUcaAU 

192 AGCUUAU U UCAAUCSg 

192 aGCOUaU u UCAAUGg 

193 GCUUAUU U CAAUGgG 

193 GcuUAuU U CaAtX5Gg 

194 CUUAUUU C AAUGgGA 



nt. 


HH Target Sequence 


Position 


194 


cuUAuUU C aAUGGgA 


208 


acUGCaU a UCUGCcG 


2X0 


UGCaUaU C UGCcGug 


223 


UGCCcAU U UaCAAAg 


223 


UGCcCAU u UAcAaAg 


224 


GCCcAUU U aCdAAgg 


225 


ccCAOUU a CAaAggc 


225 


CccaUUU a cAAAgGc 


242 


AAaACAU a agCcUGa 


260 


AGCUgGU A GUAUUUU 


260 


aGCuGgU a gUAUuUU 


263 


UgGUAGU A UUUOGGC 


263 


UGgOaGU a UUuUGgC 


265 


GUAGUAU U UUGGCAG 


265 


guAGUAU u UuGGCaG 


266 


UAGUAUU U UGGCAGG 


266 


uAGUaUU U UGgcAgG 


266 


UAgUauU u UGGcAgg 


267 


AGUAUUU U GGCAGGA 


267 


AGUaUUU U GgcAgGA 


286 


cAAAAgU U GGUOOJG 


286 


CAAaagU U GgUUCuG 


290 


AgUUGGTj U CUGuAcG 


291 


gUUGGLTJ C UGuAcGA 


295 


GUUCugU a CgAGcAc 


304 


GAGcacU A uUUgGGC 


307 


cacUAUU u GGgCACA 


323 


AGAAAcU U GAuAGUG 


343 


gCCAAGU A ccUGGGC 


343 


gCCAagU a CCUgGGc 


361 


ACgAGcU U UGAcagG 


381 


cUGgACa c UacGACU 


383 


"GgACUcU A CGACuUc 


383 


GGACuCT a cGaCUuC 


389 


uAcGacJ u CaCAaUG 


389 


UacGACJ U CACAAUg 


390 


acGACUU C ACAAUgU 


390 


ACgAcUU c acAAUgU 


398 


ACAaUG:: U CAgauCA 


396 


ACAAUgU "J CAGAUCA 


398 


ACaAuG:: U cagAUCA 


399 


CAaUGUe C AgauCAA 


399 


CAAUgUi: C AGAUCAA 



wo 96/18736 



197 



PCTA)S9S/ISS16 



399 


CaAuGUU c agAUCAA 


658 


399 


caADSOU c aGAuGAA 


658 


399 


CAaUguU c aGAUcAa 


658 


399 


cAAuGuU C aGAUcAA 


658 


399 


CAaugUU c agAUcMl 


666 


404 


UUCAGAU C AAOGACA 


666 


404 


UucAGaU c aAOGACa 


671 


418 


aUGgGCU c GUAugAU 


671 


418 


AuGGGCU c OXAUgAu 


671 


418 


ADggGCU c GUaUSaU 


682 


421 


gGCUCgU a UGAuugU 


683 


421 


ggCUCgU A UgAuUGU 


683 


429 


UgAuUGU u UuAUaCA 


691 


429 


IX3AUUGU u UUAUaCA 


691 


431 


AuU^U u AUAcAAa 


691 


431 


AUUGUuU U AUaCAaA 


701 


432 


UuGUUUU A UaCAaAA 


701 


432 


UuGUUUU a UacaaAA 


703 


432 


uUGUUUU a uAcaAAA 


703 


461 


gAUcaAU u AUCCucC 


707 


462 


AucaAUU a uCcKIOCA 


707 


464 


CAauUaU c CUcCaAc 


708 


467 


uOAUCcU C CAaCAgA 


709 


467 


UUauCcU C CAaCAGA 


709 


467 


UUaUccU c cAACAGA 


709 


467 


UuAuCOJ C CaaCAGA 


712 


490 


GAACUGU C AGtJGaUc 


712 


497 


CAGUGaU c GCcAACU 


712 


505 


GCcAACU U CAGUgAA 


712 


506 


CcAACUU C AGUgAAC 


712 


506 


(XAaCUU C aGUgaaC 


713 


521 


COGAAAU A aaACugg 


713 


531 


ACUSgcU c AgAaUgU 


732 


539 


agjiaUGU A ACAGGaA 


732 


550 


GgAaAuU c uGGCAiiA 


740 


550 


ggAAaUU C UggcAUA 


749 


557 


cuggCAU A AAUUUGA 


749 


561 


CAUAAAU U UGACCUG 


750 


562 


AUAAADU U GACCOGC 


750 


576 


CaCgOCU A agCAaGG 


773 


585 


gCAaCGU c ACXTgaA 


778 


597 


gaAACCU A AGAAGAU 


788 


607 


AaGaUgU a uUuUCU^ 


798 


611 


UGUaUUU u cUgAuAa 


805 


625 


AcuAAUU C AACUAau 


805 


630 


UUCAACU A auGAGUA 


606 


630 


UUcAAcU A AuGAGUA 


611 


637 


AauGAGU A tXSgUGaU 


811 


656 


uGCAgaU a UdAcAAg 


813 



CAGAUAU c AcaagAu 
CAgauAU C ACAAgAu 
CAGAuAU C aCAAGAU 
CaGAUaU c ACaAGau 
aCAAGAU A AUGUCAC 
ACAagaU a AUGucAC 
AUaAuGU C ACAGaAc 
aUAAUgU c ACAQAAc 
AUAAII5U C ACAGAAC 
gAACU^U u cAGUAUc 
aAcUGuU c aGuAtXXi 
AAcUGuU c agUaUcU 
aguaUcO C CAaCAGC 
agtlAUCU c CAaCagc 
aGUAucU C CAACAGc 
aCaGCcU c UcUCUUu 
acagCCU c UCUCUuU 
AGCcUcU C UcUUUCA 
aCCcUcU c UCUUuca 
UcOCUcU 0 UCAUUCC 
UcUCUcU u UcAUUCc 
cUCUcUU U CAUUCCC 
UCUcUUU C AUUCCCg 
UCUCUuU c auuCccG 
UCUcUuU c AUUCccg 
CUUUcaU U CcCgGaU 
cuuUCAU U cCCgGAU 
CuUucAU u CcCGGaU 
cUUUCAU U CCCgGAU 
CUUUcAU u ccCggaU 
UUUCAUU c CCgGAUg 
UUUCAUU C CCgGAUG 
GuGgcAU a UGACcGU 
GuGgcAU A UGACCgU 
UGACCgU u gUgUGUg 
UgOSUgU U CUGGAAA 
uGuGUGU U cUggAAA 
gUGUgUU C UGGAAAC 
GuGUSUU c UggAAAc 
ugAAGaU U UcCUcCa 
aUUUcCU c caAACCu 
AAcCUCU C AAuuuCA 
UUUCaCJ c aAGAGuU 
CAagAGU U UccAUcu 
CAAgAGU U uccAUcU 
AAgAGUU u ccAUcUc 
UUlXrxrAU C ucCUcaa 
uUUCcaU c UcCUcaA 
uCCUXrj c CUcaAac 
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U 


acAGCUU 


oJo 


aggaGAU 


U 


ACAGCUu 


837 


GgAGAUU 


a 


cAGCUUc 


848 


CUUCAGU 


u 


AcugUGg 


860 


UGGCCcU 


C 


CUcClAig 


860 


Uggcccu 


c 


CUCcuOg 


878 


ugCUGCU 


C 


AXICauDg 


951 


GCGGgaU 


a 


GuAAOgC 


974 


AgaCuAU 


c 


aAiCCOGA 


989 


aGgaAcU 


U 


GaACOCc 


1006 


auUgCUU 


c 


aGCAAAa 


1055. 


AAAgAGU 


u 


aaAAatKJ 


1056 


AaGAgUU 


a 


aaAAu0S 


1062 


uAAAAAU 


u 


gcUuU^ 


1092 


CAgaGUU 


u 


CuCAGAA 


1095 


aGOUUcU 


c 


AgAaUOC 


1101 


UCAgAAU 


u 


caaAaAU 


1101 


ucAGAAU 


u 


CAAaaAU 


1101 


UcAgAaU 


u 


CaAAaAu 


1111 


aAaAUGU 


u 


cUcAgcU 


1112 


AaAUGUU 


c 


UcAgcUg 


1128 


UUgGAaa 


u 


cuACAGU 


1128 


UUGGAaU 


u 


CuaCaGU 


1131 


GAAuUCU 


a 


cAGuUgA 


1131 


GAauUCU 


a 


CAguuGA 


1141 


GuUQAAU 


a 


aUuAAag 


1144 


gaaUUlU 


U 


AAAGAac 


1145 


AAuAaUU 


a 


aAgaACA 
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Table BK: Mouse B7-2 Hammexliead Bibo;Q^e Sequeai 



i^t. HHB]bo23nQae Sequences 

Position 

^7 GUUGUUC axyU3GAGCXXX3JUVAC5GCrGAA AGOCCGU 

47 GUUSOOC OXSATOAGGCOGAAAGGCXXSAA AGOOCGU 

66 ACACX:»C aXSAOC»OC3O0GAAAOGaX3AA ACAOQAG 

66 ACAOGUC ClX3WX»GGCCGAAAGGO0CaA ACAGGAG 

74 GUUCUOG CUGAW3AGGCCGAAAGGCXX3AA ACACGUC 

83 CUUCCGU CXXaUXy^GCXX^GAAAGCSCCGAA AGUUCUG 

134 CAAAGAU CUGAUGAGCXXXaUUtfXXXGAA AGGAUOG 

134 CAAAGAU CUGAIX3AGG(XX»AA0GCCGAA AGGAOUG 

134 CAAAGAU aJGAUQAGGCCGAAAOGCCGAA AGGAUUG 

134 CAAAGAU CUGAUSAGGCCGAAAGGCOGAA AGGAUUG 

134 CAAAGAU CUGAIIGAGC3C0GAAAGGCCGAA AGGAUUG 

135 ACAAAGA CUGAtJGAOQCOGJUUGGCCGAA AAGGAUU 
135 ACAAAGA OXSAUGAGGCOGAAAGOCOGAA AAGGAUU 
135 ACAAAGA CUGAUSAGOCOGAAAOGCCGAA AAGGAUU 
135 ACAAAGA CUGAtJSAGGCCGAAAGGCCGAA AAGGAUU 
137 UCACAAA CUGAOSAGGCCGAAAOGCCGAA AUAAGGA 
137 UCACAAA OXSAUGAGGCCGAAAGGCCGAA AUAAGGA 
137 UCACAAA CUGAUGAGGCCGAAAGGCCGAA AUAAGGA 

139 UGUCACA CUGAUGAGGCCGAAAGGCCGAA AGAUAAG 

140 OXSUCAC CUGAUGAGGCCGAAAGGCCGAA AAGAUAA 
140 CUGUCAC CUGAUGAGGCCGAAAGGCCGAA AAGAUAA 

149 UCAGCAA CUGAUGAGGCCGAAAGGCCGAA ACUGUCA 
151 GAUCAGC CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
151 GAUCAGC CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
158 CAUCUGA OXSAUGAGGCCGAAAGGCCGAA AUCAGCA 
158 CAUCUGA CUGAUGAGGCCGAAAGGCCGAA AUCAGCA 
158 CAUCUGA CUGAUGAGGCCGAAAGGCCGAA AUCAGCA 
158 CAUCUGA CUGAOGAOGCOGAAAGGOCGAA AUCAGCA 
160 AOCAUCU CUGAUGAGOCOGAAAOGCCGAA AGAUCAG 
160 AGCAUCU CUQAUSAGGCCGAAAOGCCGAA AGAUCAG 

170 CCACGGA CUGAUGAGGCCGAAAGGCCGAA ACAGCAU 

171 UCCACQG CUGAUGAGGCCGAAAGGCCGAA AACAGCA 

172 CUCCAOG CUGAUQAOGCOGAAAGGCCGAA AAACAGC 
189 UUGAAAU CUGAW3AGOCOGAAAGGCOGAA AQCUUGC 
189 UUGAAAU CUGAUGAGGCCGAAAGGCCGAA AGCUUGC 

189 UUGAAAU CUGAUGAGGCCGAAAGGCCGAA AGCUUGC 

150 AUUSAAA CUGAUGAGGCCGAAAGGCCGAA AAGCOUG 

190 AUUGAAA CUGAUGAQGCCGAAAOGCCGAA AAGCOUG 
192 CCAUUGA CUGAOGAOGCCGAAAOGCCGAA AUAAGCU 

192 CCAUUGA CUGAUGAGGCCGAAAGGCCGAA AUAAGOJ 

193 CCCAUUG CUGAUGAGGCCGAAAGGCCGAA AAUAMC 

193 CCCAUUG CUGAUGAGGCCGAAAGGCCGAA AAUAAGC 

194 UCCCAUU CUGAUGAGGCCGAAAGGCCGAA AAADAAG 
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194 UCCCAUU CUGAaa«XXCGAAAC3GCXXyui AAMAAG 

208 CGQCAGA COGAUGAGGCCGAAAGGCCXy^ AOGCAGU 

210 CAOGGOl CUQAIK3A0GCCGAAAGGCCGAA fJJhXXSCA 

223 COUUSUA CUSAW»QGCCGAAAGGCCGAA AUGGGCA 

223 COmxSUA CUGAUGAQGCOGAAAQGCCGAA AOGGGCA 

224 CCOOUGU CUGAUGAGGCXX3AAAQGC0GAA AADGGGC 

225 GCCDUU3 OXSAUGAOOCCGAAAOGCXGAA AAAUOQG 
225 GOCUUUG OXSAIXSAGGCCGAAAOGCCGAA AAAUGGG 
242 UCAGGOJ COGAUGMGCCGAAAGXSCXXSAA AUGUUUU 
260 AAAAUAC aXSAIXSAOQCCGAAAQGCOSAA ACCAGCU 
260 AAAAUAC CTOAUGAGGCCGAAAGGOOGAA ACCAGCU 
263 GCCAAAA aXSAUGAGQOCGAAAQGCaSAA ACUACCA 
263 GC3CAAAA CUGADGMOCCGAAAGGCOGAA ACUACCA 
265 CTOCCAA OX^AUGAGGCCGAAAGGCCGAA AIIACUAC 

265 CtKSCCAA OXSAOGAGGCCGAAAGGCCGAA AUACUAC 

266 CCOGCCA CIKSAUGAGGCCGAAAGGCCGAA AAOACUA 
266 CCroCCA CUGAUQAGGCCGAAAGGCCGAA AAUACUA 

266 CCUGCCA CUGAUGAGGCCGAAAGOCOGAA AAUACUA 

267 UCOXSCC OXSAUGAGGCCGAAAGGOCGAA AAAUACU 
267 UCCUGCC CUGAUGAGGCCGAAAGGCCGAA AAAUACU 
286 CAGAACC CUGAUGAGGCCGAAAGGCCGAA ACUUUUG 
286 CAGAACC CW3AUGAGGCCGAAAGGCOGAA ACUUUUG 

290 CGUACAG COCSAUGAOGCCGAAAGGCCGAA ACCAACU 

291 UCGUACA CUGAUGAGGCCGAAAGGCCGAA AACCAAC 
295 GUGCUCG CUGAUGAGGCCGAAAGGCCGAA ACAGAAC 
304 GCCCAAA OXSAUGAGGCCGAAAGGCCGAA AGUGCUC 
307 UGUGCCC CUGAUSAGGCCGAAAGGCCGAA AAUAGUG 
323 CACUAUC CUGAUGAGGCCGAAAGGCCGAA AGUUUCU 
343 GCCCAGG CUGAUGAGGCCGAAAGGCCGAA ACUUGGC 
343 GCCCAGG CUGAUGAGGCCGAAAGGCCGAA ACUUGGC 
361 CCUGUCA CUGAUGAGGCCGAAAGGCCGAA AGCUCGU 
381 AGUCGUA CUSAUCSAGGCCGAAAGGCCGAA AGUCCAG 
383 GAAGUCG CUGAUGA«3CCGAAAGQCCGAA AGAGUCC 
383 GAAGUCG CUGAUGAGGCCGAAAGGCCGAA AGAGUCC 
389 CAUUSU3 CUGAUGAGGCCGAAAGGCCGAA AGUOGUA 

389 CAUUGU3 CUGAUGAGGCCGAAAGGCCGAA AGUCGUA 

390 ACAUUGU CUGAUSAGGGCGAAAGGCOGAA AAGUCGU 
390 ACAUUGU CUGAUGAGGCCGAAAGGCCGAA AAGUCGU 
398 UGAUCUG CUGAUGAGGCCGAAAGGCCGAA ACAUUGU 
398 UGAUCUG CUGAUGAGGCCGAAAGGCCGAA ACAUUGU 

398 UGAUOXS CUGAUGAGGCCGAAAGGCCGAA ACAUUGU 

399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
399 UOSAUCU CUGAUGAGGCCGAAAGGCCGAA AACADOG 
399 UtJGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADOG 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADCG 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
399 UUGAUCU CUGAUGAGGCCXSAAAGGCCGAA AACADDC 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
404 UGUCCUU CUGAtXMGCCGAAAGGCCGAA AUCUGAA 
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UGUOCOU OKSAWSAGOXGAAAGGCCXS^ AUCUC3AA 

418 AUCAUAC CIXMXSAGGCOGAAAGGCCGAA AGCCCAU 

418 ADCAUAC CUGAIX3AGGCCGyUU«»XGAA AGCCCAU 

418 AUCAUAC aX3WX3AflaXX»AAOGOCGAA AGCCCAU 

421 ACAADCA CUSAUGAQGCCGAAAOGCCGAA ACGAGCC 

421 ACAAUCA C0GAUGA0GCCGAAAGGCCC3AA ACGAGCC 

429 UGUAUAA CUSMX5AGGCCGAAAGGCCGAA ACAAUCA 

429 UGUAUAA CUGAUGAQGCOGAAAOOCCGAA ACAAUCA 

431 UUIXSUAU OXSAIXSAGGOOGAAAGGCCGAA AAACAAU 

431 UUWWAU CWSAOGaGQCCGAAAGGCCGAA AAACAAU 

432 UUUUGUA CUGAtXyVQGCCGAAAGGCCGAA AAAACAA 
432 UUUTOJA CUaAUSAOGCCGAAAGGCCGAA AAAACAA 
432 UUUUGUA CUGAOGAGGCOGAAAQGCCGAA AAAACAA 

461 GGAGGAU CUaAOGAOGCOGAAAGGCCGAA AUUGAUC 

462 USGAGGA CreAWSAOGCCGAAAGGCCGAA AAUUGAU 
464 GUUGGAG CUGAUGAQGCCGAAAGGCCGAA AUAAUUG 
467 UCUGUU3 CUSADSAQQCCGAAAGGCCGAA AOGAUAA 
467 UCUGUIX; CW3AUGAQGC0GAAAGG0CGAA AOGAUAA 
467 UCUGUU3 CTCMIGAGGCOGAAAGGCCGAA AGGAUAA 
467 UC0GUU3 CW3AIIGAG0CCGAAAGGCCGAA AGGAUAA 
490 GAUCACU CUGAOGAGGCCGAAAGGCCGAA ACAGUUC 
497 AGUUGGC CUGAUSAGOCCGAAAGGCCGAA AUCACUG 

505 UUCACUG CUGATOAGQCCGAAAGGCCGAA AGUUGGC 

506 GUUCACU CUGAUGAQGCCGAAAGGCCGAA AAGUUGG 
506 GUUCACU CUGAUGAGGCCGAAAGGCCGAA AAGUUGG 

CCAGUUU CUGAUGAGGCCGAAAGGCCGAA AUUUCAG 

531 ACAUUCU CUGAUGAGGCCGAAAGGCCGAA AGCCAGU 

539 UUCCUGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCU 

550 UAUGCCA CUGAUGAOGCteAAAGGCCGAA AAUUUCC 

550 UAUGCCA CUGAUGAGGCCGAAAGGCCGAA AAUUUCC 

557 UCAAAUU CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 

561 CAGGUCA CUGAUGAGGCCGAAAGGCCGAA AUUUAUG 

562 GCAGGUC CUGAUGAGGCCGAAAGGCCGAA AAUUUAU 
576 CCUUGCU CUGAUSAGGCOGAAAGGCCGAA AGACGUG 
585 UUCOGGU CUGAUGAGGCCGAAAGGCCGAA ACCUUGC 
597 AUCUUCU CUGAtXSAOGOCGAAAGGCCGAA AGGUUUC 
607 CAGAAAA CUGAUGAGGCCGAAAGGCCGAA ACAUCUU 
611 UUAUCAG CUGAUGAQGCCGAAAGGCCGAA AAAUACA 
625 AUUAGUU CUSAUGAOQCOGAAAGGCCGAA AAUOAGU 
630 UACUCAU CUGAUGAGGCCGAAAGGCCGAA AGUDGAA 
630 UACUCAU CUGAUGAGGCCGAAAGGCCGAA AGUUGAA 
637 AUCACCA CUGAUGAGGCCGAAAGGCCGAA ACUCAUU 
656 CUUGUGA CUGAIXSAGGCCGAAAGGCCGAA AUCUGCA 
658 AUCUUGU CUGAUGAQGCCGAAAGGCCGAA AUAUCUG 
658 AUCUUGU CUGAUGAQGCCGAAAGGCCGAA AUAUCUG 
658 AUCUUGU CUGAUGAGGCCGAAAGGCCGAA AUAUCUG 
658 AUCUUGU CUGAUGAGGCCGAAAGGCCGAA AUAUCUG 
666 GUGACAU CUGAUGAGGCCGAAAGGCCGAA AUCUUGU 
666 GUGACAU CUGAUGAGGCCGAAAGGCCGAA AUCUUGU 
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671 
671 
671 
682 
683 
683 
691 
691 
691 



703 
707 
707 
708 



^3""WGU CUGAUGAGOCOSAAAGGCCGAA ACAUUAU 
^^UUCUGU COGAIK5AOGCCGAAAC3GCCGAA ACAUUWJ 
GUUCOGU CTCAUGAGGCXX3BUUW3COQAA ACAOUAU 
GMlAaXS CUGAW3AGGCXX5AAAGC5CCGAA ACAGUUC 
^^^WaCU aJGMJGtiOQ(XGM^^ AACAGUU 
AGAUACU OmDGAOCSCCGAAAGGCXXSAA AACAGOU 
GOXSUro aX5AlX3AOC3CXXSAAAOGCOGAA AGAUACU 
CCKWX3AG(XXX»UUtf«XX3^ AGAUACU 
GOTSOWS CWSWXSAOGCCGAAAQGOCGAA AGAUACU 
701 AAAGAGA CTOAIX5AG0COGAAAOGCCGAA AGGCUGU 

701 AAAGAGA OXSAUC^OGCCGAAAGGCCGAA AGGCUGU 

703 tXSAAAGA CUGAUGAGGCCGAAAGGCCGAA AGAGGCU 

^^^AAAGA CUSATOftOacaGAAAGOOCGAA AGAOOCU 
^^'^MKSA COGWXSAGGCCGAAAOGCCGAA AGAGAGA 
OGAAOGA OXSMXSAGGCCGAAAGGCCGAA AGAGAGA 
•»Ao QGGAAUS CUGAUGAGGCCGAAAGGCCGAA AAGAGAG 

709 OQGQAAU CUGAUGAGGCCGAAAGGCCGAA AAAGAGA 

709 CGQGAAU CUGAUGAGGCCGAAAGGCCGAA AAAGAGA 

709 CGGGAAU CUGAUGAGGCOGAAAOGCCGAA AAAGAGA 

712 AUCCGQG CUGAUGAGGCCGAAAGGCCGAA AUGAAAG 

712 AUCOGGG CUGAUGAGGCCGAAAGGCCGAA AUGAAAG 

712 AUCOGGG CUGAUGAGGCCGAAAGGCCGAA AUGAAAG 

712 AUCCGGG CUGAUGAGGCCGAAAGGCCGAA AUGAAAG 

712 AUCCGGG CUGAUGAGGCCGAAAGGCCGAA AUGAAAG 

713 CAUOCGG CUGAUGAGGCCGAAAGGCCGAA AAUGAAA 
713 CAUCCGG CUGAUGAGGCCGAAAGGCCGAA AAUGAAA 
732 ACGGUCA CUGAUGAGGCCGAAAGGCCGAA AUGCCAC 
732 ACGGUCA CUGAUGAGGCOGAAAOGCCGAA AUGCCAC 
740 CACACAC CUGAUGAGGCCGAAAGGCCGAA ACGGUCA 

^^^^^'CCAG CUGAUGAGGCCGAAAGGCCGAA ACACACA 
^J^JOCCAG CUGAUGAGGCCGAAAGGCCGAA ACACACA 
OWUUCCA CUGAUGAGGCCGAAAGGCCGAA AACACAC 
GUUUCCA CUGAUGAGGCCGAAAGGCCGAA AACACAC 
UGGAGGA CUGAUGAGGCCGAAAGGCCGAA AUCUUCA 
778 AOGUUUG CUGAUGAGGCOSAAAGGCCGAA AGGAAAD 

TOAAAUU CUGAUGAGGCCGAAAGGCCGAA AGAGGUU 
AACUCUU CUGAUGAGGCCGAAAGGCCGAA AGUGAAA 
AGAUGGA CUGy^UGAOGOXaUUUJGCCGAA ACUCUUC 
^^^^^^^^^ CTGWJGAGGCCGAAAOQCCGAA ACUCUUG 
GAGAW» CUGAOGAOGCOGAAAGOCCGAA AACUCUU 
811 UUGAOGA CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 

811 UUGAGGA CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 

813 GUUUGAG CUGAUGAGGCCGAAAGGCCGAA AGAUGGA 

"fi AAGCUGU CUGAUGAGGCCGAAAGGCCGAA AUCDCCU 

AAGCUGU CUGAUGAGGCCGAAAGGCCGAA AUCUCCU 
GAAGCUG CUGAUGAGGCCGAAAGGCCGAA AAUCUCC 
CCW^GU OKSAUGAGGCCGAAAGGCCGAA ACUGAAG 

CAAGGAG CUGAUGAGGCCGAAAGGCCGAA ACGGCCA 
CAAGGAG CUGAUGAGGCCGAAAGGCCGAA AGGGCCA 



740 
749 
749 
750 
750 
773 



788 
798 
805 
805 
806 



836 
836 
837 
848 

860 
860 
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CAMJGAD axaUDGAGGCCGWU«3«XGAA AGCAGCA 

^51 GCXSOOaC OXaUX^AOGCCXyUUkOGCCGAA AUCCCGC 

974 UCAGC3UU CUC»llGAOCXXX3AAAOGCCX»A AUAGUCU 

989 QGOGUUC OXSMJOAGCXXXSAAAQGCOGAA AGOUCOT 

1006 UOOOQCa aX»W3AOCKXGAAAQC3CCGAA AAGCAAU 

1055 AAUOOOU CUGAUGAGGCCGAAAGGCCGAA ACUCOUU 

1056 CAAUUOU OXaOXSAGGCCGAAAGOCCXSAA AACUCUU 
1062 GCAAAGC OX^AUGAGQCXGAAWSGCXXSAA AUUUUUA 
1092 UOOISAG OJGAUSAGGCOCSAAAGGCXXSAA AAOICUG 
1095 GAAUOCU CWSAUGAOCSCCGAAAGCSCCXSAA AGAAACQ 
1101 AUUUiraS CTOJUXSAGGCCGAAAGCXXGAA AUUCUGA 
1101 AUUUUtJS CUGAUGACXXXX2AAAGGCCGAA AUUCUGA 
1101 AUUUUU3 CUCaUXSAGCXXXSAAAGGOCGAA AUUCUGA 

1111 AGCUOAG CDGADGAGGCOGAAAGGCOGAA ACAUUUU 

1112 CAGCUSA OXSAOCSAGGCOGAAAGGCCGAA AACAUUU 
AOICSUAG CUGAOSAGGCOGAAAGGCCGAA AUUCCAA 

1128 ACU5UKS CUGAUGAGQCCGAAAGGCOGAA AUUCCAA 

1131 UCAACUG CUGAUSAGGCCGAAAGGCCGAA AGAAUUC 

1131 UCAACUG CUGAIX3AGGC0GAAAGGC0GAA AGAAUUC 

1141 CUUUAAU CUGAUGAGGCCGAAAGGCCGAA AUUCAAC 

1144 GUUCUUU CUGAUGAGGCCGAAAGGCCGAA AUUAUUC 

1145 UGUUCUU CUGAUGAGGCCGAAAGGCCGAA AAUUAUU 
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Table BX: Human CD40 Hammerhead ffiboayme Target Sequ< 



lenoes 



Position 

9 
24 

37 
39 
44 

S3 

54 

57 

63 

74 

77 

88 
101 
105 
139 
143 
146 
153 
162 
163 
165 
166 
208 
209 
227 
228 
231 
247 
248 
251 
292 
308 
314 
315 
320 
337 
353 
381 
407 
418 
424 
433 
434 



HH Target Sequence 



CCOOGOJ C 
CAGUGCa c 
GCCOGGU C 

cocsGuai c 

COCRCCU C 
CCAtlQGU V 
CADGGUU C 
GGUDOGU C 

ucuGCxru c 

AGUOCGa c 
GCGUOCU C 
GGOXSCU U 
CCGCXXSXJ C 
UGUCCAU 
AAACAGU 
AGUACCU 
ACCOAAU 
AAACAGU 
GUGCUGU U 
UGCUGUU C 
CUGUUCU U 
UGUUCOU U 
ACAGAGU U 
CAGAGUU C 
AAOGCCU U 
AOQCCUU C 
CCUUCXU U 
AGCGAAU U 
GCGAAUU C 
AAUIXXU A 
CACAAAU A 
CCAACCU A 
UAGGGCU U 
AGGGCUU C 
UUOGGGU C 
GGCACCU C 
ACACCAU C 
GCACUGU A 
GCUGUGU C 
CACXGCU C 
UCAOGCU C 
CCCGGCU U 
CCGGCUU U 



GOGCOCC 
COGCOGC 
UCAOCOC 
ACCOOJC 
OCXAUGG 
CGUCUGC 
GUCOGCC 
IXXXUOJ 
UQCAGOG 
COCUGGG 
UQ00GCC7 
GOXSACC 
CAtXXAG 
CAGAACC 
CXrUAAUA 
AUAAACA 
AACAGUC 
AGUGCOG 
CUUUGCIG 
OUUGOGC 
UGUGCCA 
GUGCCAG 
CACUGAA 
ACXX5AAA 
CCUUGCG 
CUUGOGG 
OCGGlXsA 
CCUASAC 
CUAGACA 
GACACXU 

GGGCUCIC 
CGGGUCC 
GGGUOCA 
CAGCAGA 
AGAAACA 
UGCAOCO 
CX3AGUGA 
OJGCACC 
AUGCUCG 
GCCCGGC 
UGGGGUC 
GGGGUCA 



nt 
Position 

440 

449 

453 

461 

462 

463 

468 

473 

491 

496 

497 

499 

500 

502 

511 

514 

519 

520 

521 

531 

537 

566 

599 

602 

609 

618 

641 

647 

650 

652 

653 

659 

664 

665 

671 

674 

676 

686 

688 

689 

690 

692 

720 



HH Taiget Sequence 



UUGGGGU 
AGCAGAU 
GAUUGOJ 
CAOGGGU 
AGOGGUU 
GGQGUUU 
UUCUGAU 
AUACCAU 
GCCCAGU 
GOCGGCU 
UCGGCUU 
GGCUUCU 
GCUUCUU 
UUCUUCU 
AAUGUGU 
GUGUCAU 
AUCUGCU 
UCUGCUU 
CUGCUUU 
AAAAUGU 
UCACCCU 
ACCUGGU 
CUGAUGU 
AUGUUGU 
CUGUGGU 
CCAGGAU 
UGGUGAU 
UCCCCAU 
CCAUCAU 
AUCAUQJ 
UCAUCUU 
UCGGGAU 
AUCCUGU 
UCCUGUU 
UUGCCAU 
CXIAUCCU 
AUCCUCU 
UGCUGGU 
CUGGUCU 
UGGUCUU 
GGUCUUU 
UCUUUAU 
AACCAAU 



C AAGCAGA 
U GCUACAG 
A CAGGG6U 
U UCUGAUA 
U CUGAUAC 
C UGAUACC 
A CCAUCOG 
C UGCGAGC 
C GGCUUCU 
U CUUOICC 
C UUCUCCA 
U CUCCAAU 
C UCCAADG 
C CAAUGUG 
C AUCUGCU 
C UGCUUUC 
U UCGAAAA 
U OGAAAAA 
C GAAAAAU 
C ACCCUUG 
U GGACAAG 
U GUGCAAC 
U GUCUGUG 
C UGUGGUC 
CCCAGGA 
GGCUGAG 
CCCAUCA 
AUCUUCG 
UUCGGGA 
U CGGGAUC 
C GGGAUCC 
C CUGUUUG 
U UOCCAUC 
U GCCAUCC 
C CUCUUGG 
C UUGGUGC 
GGUGCUG 

UUUAUCA 
UAUCAAA 
AUCAAAA 

A UCAAAAA 
C AAAAAGG 
A AGGCCCC 
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755 


AGQAGAU C 


AAUUUUC 


759 


GAUCAAU U 


UUCCCGA 


760 


MICAAUU U 


IXXXGAC 


761 


OCAAUUU U 


OCCGACG 


762 


CAAUUUU C 


CCGACX5A 


771 


CGACGAU C 


UUCCUSG 


773 


AOGMXXJ U 


OCXJQGCU 


774 


CGAXJCUU C 


CnGGOUC 


781 


CCOCSOCO C 


CAACACU 


795 


UC5CWGC0 C 


CAGUGCA 


810 


OGAGACU U 


UACAUGG 


611 


GAGACUU U 


ACAUG6A 


812 


ASACUUU A 


CAUGGAU 


830 


AACTGGU C 


ACCCAGG 


855 


AGAGAGU C 


GCAUCUC 


860 


GUCX3CAU C 


UCAGUGC 


862 


CX3CAUCU C 


AGUGCAG 


927 


AGOCAGU U 


GGCCAGA 


981 


GGGAGCU A 


OGCCCAG 


990 


GCCCAGU C 


AGUGCCA 
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Table EXb Htiman CD40 Haouneiiiead Bibozyme Sequences 



nt EIH Bibozyme Sequenoes 
Position 

9 OGOGCCC CUGAUGAOOCCGAAAOOCaSAA AGCX^AOG 

24 GOGGCAG COSPiUGtSXXXX^Pi^^ ACCACUG 

37 GA0GUC3A CXK3AUGA0GCCCAAAGGCCGAA ACCAGGC 

39 GCGAGGU CUGAIXSAGCSCCGAAAQGCCGAA AGACCAG 

44 CCAUGGC aX5AUGAGGC0GAAAGGCXX»A AGGUGAG 

53 GCAGAC^G OXSAUGAOGOOGAAAOGCOGAA ACCAOGG 

54 GGCAGAC OXSAtX^GGCXGAAAGGCXXSAA AACCAOS 
57 AGAGGCA CUGACTSAGGCCX3AAAGGCXX»A ACGAACC 
63 CAOJGCA CUGAIX»GQCCGAAAQGCCGAA AGGCAGA 
74 CCCAGAG CUGAUQAGGCCGAAAOGCCGAA ACXSCACU 
77 AGCCCCA CUGADGRGGCCGAAAGGCXX3AA AGGAOGC 
88 GGUCAGC CUGAUGAGGCCGAAAGGCCGAA AGCAOGC 
101 OJSGAUG CUGAlXyUSGCXXSAAAGGOCGAA ACAGCGG 

105 GGuucuG cugaugaggccgaaaogcx:gaa AUGGACA 

U9 UAUUAGG CUGAUGAGGCCGAAAGGCCGAA ACUGUUU 

143 UGUUUAU CUGAUGAGGCCGAAAGGCOGAA AGGUAOJ 

146 GAOJGUa OTGyVOCMGCCXyuVAGGCCGAA AUUAGGU 

153 CAGCACU OXaiUGAGGCCGAAAGGCCGAA ACUGUUU 

162 CACAAAG OXSAUGAGGCCGAAAGGCCGAA ACAGCAC 

163 GCACAAA CUGAUGAGGCCGAAAGGCCGAA AACAGCA 

165 UGGCACA CUGAUGAGGCCGAAAGGCCGAA AGAACAG 

166 CUGGCAC CUGAUGAGGCCGAAAGGCOGAA AAGAACA 

208 UUCAGU3 CUGAUGAGGCCGAAAGGCCGAA ACUCUGU 

209 UUUCAGU CUGA03AGGCCGAAAGGCCGAA AACUCUG 

227 CGCAAGG CUGAUGAGGCCGAAAGGCCGAA AGGCAUU 

228 CCGCAAG CUGAUGAGGCCGAAAGGCCGAA AAGGCAU 
231 UCACCGC CUGADGAQGCCGAAAGGCOGAA AGGAAGG 

247 GUOIAGG CUGAIX3AGGCCGAAAGGCCGAA AUUCGCU 

248 IK3UCUAG CUGAUGAGGCCGAAAGGCCGAA AAUUOOC 
251 AGGUGUC CUGAUGAGGCCGAAAGGCOGAA AGGAADU 
292 GUCGCAG OXSAUGAOGCCGAAAGGCCGAA AUUUGUG 
308 GAAGCCC CUSAUGAOGCCGAAAGGCCGAA AGGOUQG 

314 GGACCCG CUGAUGAGGCCGAAAGGCCGAA. AGCCCUA 

315 TOGACCC CUGAUGAGGCCGAAAGGCCGAA AAGCCCU 
320 UCOGOX; CUGAUGAGGCCGAAAGGCCGAA ACCOGAA 
337 UGUUUCU CUGAUGAGGCCGAAAGGCCGAA AQGUOCC 
353 AGGUGCA CUGAUGAGGCCGAAAGGCOGAA AUGGUGU 
381 UCACUOG CUGAUGAGGCCGAAAGGCCGAA ACAGUGC 
407 GGUGCAG CUGAUGAGGCCGAAAGGCCGAA ACACAGC 
418 CGAGCAU CUGAUGAGGCCGAAAGGCCGAA AGCGGUG 

424 GCCGGGC CUGAUC3AGGCXXJAAAGGCCGAA AGCAU3A 

433 GACCCCA CUGAUGAGGCCGAAAGGCCGAA AGCCGOG 

434 UGACCCC CUGAUGAGGCCGAAAGGCCGAA AAGCCGG 
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440 
449 



OCWSCOU COSAUGAQtXXSAAAGGCCGAA AC0CC3VA 
COSCacc a](»OGAO(XX»AAAG«rGAA AUOXSCU 

*53 ACCCCW3 CW3AUGAGGCCGAAAGGCCGAA AGCAAOC 
UAUCAGA OKSAWSAQCSCCXSAAAGGCCGWl AOXCUG 

462 GUAUCflG CUGAa3*GGCCGaU«GGCCGAA AACCCCU 

463 GGWAUCA COGMJGAGCXXXaAAGQCCGAA AAACCCC 
468 CAGAOQG CWa«X3W3tX»»AAGGCXX3AA AUCRGAA 
473 GCOCGCA. CWSWXSAGGCCGWkAOGCXGAA AOGGUAD 
491 ACAAGCC aXSAUGAGaXWAAAflOXGAA ACOJGGC 

496 GGAGAAG CtXSMXSAQQCXMAAAQQCCGAA AGCXXSAC 

497 UOGAGAA CUGRUGWSQCCGAAAGGCCGAA AAGCCGA 

499 ADOGGAG <TCMX5RaC3CCXaVAAGGCCGAA ACUkAQCC 

500 CAUW3GA CUSAXJOauXXCGAAAGQCCGAA AAGAAQC 
502 CACMJUC COGAOOAGCXXXSAAAGaWGAA AGAAGAA 
511 AGCAGAO CUGAOGaGGCCGAAAGGOCGAA ACACAOO 
514 QAAAGCA COCaiWaQGCCGAAAGGCCCSAA AUGACAC 

519 UUUUCGA CimUSaVSGCCGAAAGGCCGAA AGCAGAU 

520 OUUUUCG CUGAUGAGGCCGAAAGGCCGAA AAGCAGA 

521 AUUUUUC CUGAUGAGGCCGAAAGGCCGAA AAAGCAG 
531 CAAGGGU CUGAWakGGCCGAAAGGCCGAA ACAUOUU 
537 CUUGOCC COGAOGAGGCCGAAAGGCCGAA AGGGUGA 
566 GOOOCAC CUGAUGAGGCCGAAAGGCCGAA ACCAQGU 
599 CACAGAC CUGAUGAGGCCGAAAGGCCGAA ACAUCAG 

• 602 GACCACA CUGAUGAGGCCGAAAGGCCGAA ACAACAU 

609 UCCUGGG CUGAUGAGGCCGAAAGGCCGAA ACCACAG 

618 CUCAGCC CUGAUGAGGCCGAAAGGCCGAA AUCCUGG 

641 UGAUGGG CUGAUGAGGCCGAAAGGCCGAA AUCACCA 
CGAAGAU CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 

•-jO UCCCGAA CUGAUGAGGCCGAAAGGCCGAA AUGAUGG 

652 GAUCCCG CUGAUGAGGCCGAAAGGCCGAA AGAUGAU 

653 GGAUCCC CUGAUGAGGCCGAAAGGCCGAA AAGAUGA 
659 CAAACAG CUGAOGAQGCCGAAAGGCCGAA AUCCCGA 

664 GAUOGCA CUGAUGAGGCCGAAAGGCCGAA ACAGGAU 

665 GGAUGGC CUGAUGAGGCCGAAAGGCCGAA AACAGGA 
671 CCAAGAG CUGAUGAGGCCGAAAGGCCGAA AUGGCAA 
674 GCAOCAA COGAOGAGGCCGAAAGGCCGAA AGGAUGG 
676 CAOCROC CUGAOGAQGCCGAAAGGCCGAA AGAGGAU 
686 tXSADAAA CUGAOGAGGCOGAAAOGCCGAA ACCAGCA 

688 OUOGAUA CUGAUGAOGCCGAAAOGCCGAA AQACCAG 

689 DUUUGAU CUGAOGAQGCCGAAAGGCCGAA AAGACCA 

690 OUUOUGA CUGAUGAGGCCGAAAGGCCGAA AAAGACC 
692 CCUUOUU CUGAOGAQGCCGAAAGGCCGAA AUAAAGA 
720 GGOGCCU CUGAUGAGGCCGAAAGGCCGAA AOUGGUU 
755 GAAAAUU CUGAUGAGGCCGAAAGGCCGAA AUCUCCU 

759 UCOGGAA CUGAUGAGGCCGAAAGGCCGAA AUUGAOC 

760 GUCGGGA CUGAUGAGGCCGAAAGGCCGAA AAUUGAU 
^61 OGOOSOG OXSAWSAGQCOGAAAOGCCGAA AAAUUGA 

762 OCGUCGG CUGAUGAOGCCGAAAOGCCGAA AAAAUUG 

771 CCAGGA.:^ CUGAUGAGGCCGAAAGGCCGAA AUCGUCG 
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T73 AGCCAGG COGAI>SAOQCCGAAAGGCXX»A AGAUCGU 

774 GW3CCAG CUSA(X»QQCCGAAAGG(XGAA AAGAOCG 

781 AGUGUUS aX3WX3AGC3CCCyuuySGCCGAA AGCCAGG 

795 UQCACUG CUGAOSAGGCOGAAAGGCCGAA AGCAGCA 

810 CCAIKSUA ClXaWSAGGCOGAAAGGOOGAA AGUCUCC 

811 UCCAUGU COGAXIGAGGCCGAAAGaCCGAA AAGUCUC 

812 ADCCAUS CU3AUSAGGCCGAAAGQCCQAA AAAGOOJ 
830 COIQGGU CUQADSAOGCOGAAAOGCOGAA ACCGGUU 
855 GAGAU3C CCI3AUGAOGC06AAAGGC0GAA ACDCUCU 
860 GCAOIQA CUGAUGAGGCOQAAAOGCilXSAA ADGCGAC 
862 OIQCACU OXSATOAGGCCGAAAGGCOGAA AGAXJGCG 
927 UCOOGCC OXSAIXSAGGCCGAAAGGCOGAA ACOGCCU 
981 CUGGGCA CUGADGAQGOCGAAAGGCOGAA AGCOCOC 
990 USGCACU CUGAXXSAGGCCGAAAGGCOGAA ACUGGGC 
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Table BXIL Mouse CD40 Hammerhead Riboi^e Target Seqi 



uenoes 



nt 

Positioii 



nt 
Position 



HH Target Seq[U( 



18 


QGOgucU u UGOCUCg 


479 


18 


GGuguOJ u UGCCucG 


480 


24 


UuOSCCU C gGCuGOG 


481 


38 


GCGcgCU a UOGGOCU 




62 


CagcGGU c CaUCUag 




62 


CaOCgGU C CAUCuAG 




66 


C uAGggCa 




80 


A^3^(X3uGU u acgUGca 


^ /A 


80 


AgOSUGU u AcgUGCa 




81 


gtXSugUU a CgOGCaG 


577 


100 


AAACAGU A CXrUccac 




126 


CUGO^aU U UGUGCCA 


fi7<% 


127 


UGUgaUU U GUGCCAG 




170 


CAgcUcU u gaGAaGA 


a JZ 


208 


9GCX3AAU U CucAGcC 




209 


GCGAAUU C ucAGcCc 




233 


gOGAGAU u cgcUgUC 




267 


ACCcAAU c AAggGcu 




267 


AcCCAAU c AaGggCu 


0*A / 


275 


aAGGGCU U CGGGUua 




275 


AeGGGcU U CgGgUua 


031 


276 


i^.-'':/Xnj C GGGUuaA 


w J J 


281 


UUCGGGU u aAGaAGg 


735 


281 


UUcGGGU u AAGaAGg 


759 


314 


ACACugU C UGuACCT 


794 


354 


caAgGaU u GCgaOGC 


794 


386 


cCugUaU c CXIXJGOCU 


819 


394 


CCU&GCO u uGGaGuu 


824 


394 


CXXlGGCU U UGGaGUu 


826 


395 


CuGGCUU U GGaGUUA 


876 


429 


caCUGAU A CCgUCUG 


913 


434 


AUACOgU C UGucAuC 


997 


434 


AUaCcGU c UGuCAUC 


1003 


441 


CugUCaU C CcuGCcC 


1003 


452 


GCCCAGU C GGCUUCa 


1023 . 


452 


GCCCACa C gGcuuCu 


1048 


457 


GUCGGCU U COUCUCC 


1052 


458 


^^CQGCUU C UUCUCCA 


1081 


460 


GGCUUCU U CUCCAMJ 


1084 


461 


GCUUCUU C UCCAAUc 


1086 


463 


UUCUUCU C CAAUcaG 


1097 


472 


AAuCAGU C AucaCUu 


1098 


472 


AAUcagU c auCACuU 


1118 



ence 



cAUCAcU UUCgauA 
AUCacuU U UCGAAAA 
UCacuUU U CXSAAAAg 
UCACuuU U cGAaAAG 
AAAgtlGU u AuCCcUG 
CUaAUGU c aUCUGUG 
AUGUcaU C UGUGGUu 
gOSGUuU a AagOCcC 
GuGGUUU a aagUcCC 
UuAAagU c CCgGAuG 
TOGgcAU C CUCAUCA 
UCCuCAU C AcCaUuu 
uCAcCAU u UUOOQGg 
UcaOCAU u uUCggGG 
AcCAUiiU U CGGGgUg 
CCaUuuU c GgGGUGu 
cCAUuUU C OGGgUgu 
CCAUuuU C ggGGUGu 
UGuUucU C UaUAUCA 
uUucUCU a UAUCAAA 
UcUCUaU A IXZAAAAA 
UCUaUAU C AAAAAGG 
gGAaGAU u aUCCcGG 
cGCUGCU C CAGUGCA 
AgCCuGU C ACaCAGG 
AGcCuGU c acaCAGg 
AGAGAGU C GCAUCUC 
GUCGCAU C tXAGUGC 
CGCAUCU C AGUGCAG 
cCCUGGU C UgAaCcC 
GGCCGCU U GCUGACC 
CUCAaCU u GCuuUuu 
uUGCUUU u uAAggAU 
uugOAJU u uAaGGAU 
gaAAgCU c OGGCaOC 
CAOuGaU a UCUaccA 
gAUauCU a CCaaGuG 
CCAGagU u GuCUugc 

gAGUuGU C UUGCUGC 
gUugCCU U GcUGCgG 
gCgGcGU U CACUGuA 
CgGcGlH; C ACUGuAA 
cgUcGCTJ A CAGGaGU 
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1118 


CotXSGCU a CAggAoO 


1141 


CgCaGOJ u gUGCUOG 


1164 


aCCUGgU U OCCADCa 


1202 


USuaaOU a UUUaU&C 


1220 


gGcAuCU c AoAAACu 


1220 


OCSCAuCU C AGAAACu 


1228 


aGAaACU c QAoeafiG 


1253 


AaCaGtSD a GnGaAAu 


1331 




1362 




1373 


g<3GaCW c AU^pguAA 


1373 


GgGACOU c AugguaJV 


1413 


uUSOCAU u OSaccOC 


1443 


GUaaOGO a CcccGUG 


1470 . 


CACAuAU c CUaaaAu 


1492 


GugGOSa a ulX3uAga 


1497 


GuAuUSa A gaAaUiiA 


1508 


au0auUU a aUCcGOC 


1508 


AUuAuUU a auCOGcC 


1523 


cuGGGuU u CUaccUG 
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PtoStion HHRibo25yme Sequence 

18 CGAGGCA OXSAUGAOGCCGAAAGGCCGAA AGACAOC 

18 CGAGGCA CUGAUGAOGCCGAAAGQCCGAA AGACACC 

24 CRCAGOC OlSAaSMtXOGAAAOGCCGAA AGGCAAA 

38 AGCCOCA CCXSAIXSAGGCCGAAAGGCCGAA AGCGCGC 

62 CUAGAtXS COGAUGAGGCCGAAAGGCCGAA ACCGCUG 

62 CUAGAOS COGAUGAOCXXXyUUUSGCCGAA ACCGCUG 

66 OGCCCOA CUGAUGAOQOCGAAAOQCCGAA ADOGACC 

80 tXXACGU CUGAUaAGGCCGAAAQGCOGAA ACACACU 

80 OGCACGU OXSAWSAGGCCGAAAGGCCGAA ACACACU 

81 CUQCACG CUGAUGAGGCCGAAAGGCCGAA AACACAC 
100 GUGGAGG CUGAUGAGGCCGAAAGQCCGAA ACUGUUU 

126 UGGCACA CUGAUGAGGCCGAAAGQCCGAA AUCACAG 

127 COGGCAC CUGAOGAGGCOGAAAGGCCGAA AAUCACA 
170 UCOUCUC CUGAtXSAGGCCGAAAGOCCGAA AGAGCUG 

208 GGCUGAG CUGAUGAOGCCGAAAOGCCGAA AUUCGCC 

209 GOGCUGA CUGAUGAGGCCGAAAGQCCGAA AAUDCGC 
233 GACAGOG CUGAUGAGGCCGAAAGQCCGAA AUCUCCC 
267 AGCCCUU CUGAUGAGGCCGAAAGGCCGAA AUUGGGU 
267 AGCCCUU CUGAUGAGGCCGAAAGGCCGAA AUUGCX;u 
275 UAACCCG CUGAUGAGGCCGAAAGGCCGAA AGCCCUU 

275 UAACCCG r T^UGAGQCCGAAAGGCCGAA AGCCCUU 

276 UUAACCC f -C^UGAGGCOGAAAGGCCGAA AAGCCCU 
281 CCUUCUU CUGAUSAGGCCGAAAGGCCGAA ACCCGAA 
281 CCUUCUU CUGAUGAGGCCGAAAGGCCGAA ACCCGAA 
314 AGGUACA CUGAUGAGGCCGAAAGGCCGAA ACAGOGU 
354 GCCUCGC CUGAUGAGGCCGAAAGGCCGAA AUCOTCG 
386 AGCCAGG CUGAUGAGGCCGAAAGGCCGAA AUACAGG 
394 AACUCCA CUGAUC5A0GCCGAAAGGCCGAA AGCCAGG 

394 AACUCCA CUGAIXSAGGCCGAAAGGCCGAA AGCCAGG 

395 UAACUOC OXaUXSAGGCCGAAAGGCCGAA AAGCCAG 
429 CAGAOGG CUGAUGAGGCCGAAAGGCCGAA AUCAGW 
434 GAOGACA CUGAOGAGGCOSAAAGGOCGAA ACGGOAU 
434 GAOGACA OXSAUSAGOCCGAAAQGCCGAA ACGGUAU 
441 GOGCAOG CUSAUGAOGCCGAAAOGCCGAA AUGACAG 
452 AGAAOCC CIX3AUGAGGCCGAAAGGCCGAA ACUGQGC 
452 AGAAGCC CUGAUGAGGCCGAAAGGCCGAA ACUGGGC 

457 GGAGAAG CUGAUGAOGCCGAAAOGCXGAA AGCCGAC 

458 UGGAGAA CUGAOSAGOCCGAAAGGCCGAA AAGCCGA 

460 AUUGGAG CUGAUGAGGCCGAAAGGCCGAA AGAAGC^ 

461 GAUOQGA CUGAUGAGGCCGAAAGGCCGAA AAGAA3C 
463 ctJSAUw; cugadgaggccgaaaggccgaa agaagaa 
472 AAGUGAU CUGAUGAGGCCGAAAGGCCGAA ACUGACC 
472 AAGUGAU CUGAUGAGGCCGAAAGGCCGAA ACUGATC 
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479 
480 
481 
481 
492 
560 
563 
572 
572 
577 
620 
626 
632 
632 
634 
635 
635 
635 
647 
649 
651 
653 
735 
759 
794 
794 
819 
824 
826 
876 
913 
997 
1003 
1003 
1023 
1048 
1052 
1081 
1084 
1086 
1097 
1098 
1118 
1118 
1141 
1164 
1202 
1220 
1220 
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UUUCGAA COGAWSAOCXXX3AAAGC50CX3AA AG0GAXX3 
UUUUCX3A OXSAUGAOXCGAAAGGCCGAA AAGUGAU 
COUUUCG axa«X3ftOCXXX3AAAGGQOCy^ AAAGUGA 
^^"^^^^^ CUGAUGAOGCCX3AAA0GCCGAA AAAGUGA 
CAGGGAtJ COGAUSAGGCCGAAAGGCOGAA ACACOUU 
CACAGAU aX3AUGAGGCrGAAAGGC3CGAA ACAUUAG 
^^ACCACA OKSAUaAGGCOSAAAGGCXXSAA AUGACAU 
QOGACOU OTSADGAGOCCQAAAGQCCGAA AAACCAC 
GGGACUU CUGAWSAGQCOGAAAGGCCGAA AAACCAC 
CAUCCGG COGAUGAGGCCGAAAGGCCGAA ACUUUAA 
UGAOGAG OXSAOSAOGCCGAAAGGCCGAA AUGCCCA 
AAAU3GU COSAUGAGQCCGAAAGGCCGAA AUGAGGA 
CCOOGAA OXSAIXSAOGCOQAAAGGCCGAA AUQGUGA 
<yXCGPJi COC3AXX3AOOCCGAAAGGCOGAA AUGGUGA 
CACCCCG CUSAUGAGGCCGAAAGGCCGAA AAAUGGU 
ACACCCC CUGAUGAQGCCGAAAOGCOGAA AAAAUGG 
ACACCCC COGAOCSAGGCCGAAAGGCCGAA AAAAUGG 
ACAOCOC CUGAOGAGGCCGAAAGGCCGAA AAAAUGG 
U^UAUA CUGAUGAGGCCGAAAGGCCGAA AGAAACA 
^^U^^'SAUA CUGAOGAGGCCGAAAGGCCGAA AGAGAAA 
UUU^JUGA CUGAUGAGGCCGAAAGGCCGAA AUAGAGA 
CCUUUUU CUGAUGAGGCCGAAAGGCCGAA AUAUAGA 
<^CC3GGAU COGATOAQGCCGAAAGGCCGAA AUCUUCC 
UGCACUG CUGAUGAGGCCGAAAGGCCGAA AGCAGCG 
CCUGUGU CUGAUGAGGCCGAAAGGCCGAA ACAGGCU 
CCUGUGU CUGAUGAGGCCGAAAGGCCGAA ACAGGCU 
GAGAUGC CUGAUG/ • ' ' iCGAAAGGCCGAA ACUCUCU 
C3CACUGA CUGAIX^- ^vjCGAAAGGCCGAA AUGCGAC 
CUGCACU CUGAUGAGGCCGAAAGGCCGAA AGAUGCG 
GGGUUCA CUGAIKSAGGCCGAAAGGCCGAA ACCAGGG 
GGUCAGC CUGAUGAGGCCGAA\aGCCGAA AGCAGCC 
AAAAAGC CUGAUGAGGCCGAAAGGCCGAA AGUUGAG 
AUCCUUA CUGAUGAGGCCGAAAGGCCGAA AAAGCAA 
AUCCUUA CUGAUGAGGCCGAAAGGCCGAA AAAGCAA 
^^XSCCC CUGAUGAGGCCGAAAGGCCGAA AGCUUUC 
UQGUAGA CUGAUGAGGCCGAAAGGCCGAA AUCACUG 
CACUUOG CUGAOGAGGCCGAAAGGCCGAA AGAUAUC 
QCAAGAC CUGAUSAOGCCGAAAGGOCGAA ACUCUOG 
GCAOCAA COSAUGAOGCCGAAAGGCCGAA ACAACUC 
CCOCAGC COGAOGAOGCCGAAAGGCCGAA AGACAAC 
UACAG03 CUGAUGAGGCCGAAAGGCCGAA ACGCCGC 
UUACAGU CUGAUGAGGCCGAAAGGCCGAA AACGCCG 
ACUCCUG CUGAUGAGGCCGAAAGGCCGAA AGCCACG 
ACOCCUG CUGAUGAGGCCGAAAGGCCGAA AGCCACG 
CGAGCAC CUGAUGAGGCCGAAAGGCCGAA AGCUGCG 
^W3GC CUGAUGAGGCCGAAAGGCCGAA ACCAGGU 
GUAUAAA CUGAUGAGGCCGAAAGGCCGAA AAUUACA 
AGUUUCU CUGAUGAGGCCGAAAGGCCGAA AGAUGC^ 
AGUUUCU CUGAUGAGGCCGAAAGGCCGAA AGAUGC- 
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CCOGCUA COGAUCjAGGCCXSAAAGGCXX^AA aguuucu 
AUOCCAC CUGAUGAGGCCGAAAGGCCGAA ACXWGOU 
GGQCAOC CUGAIX3AGGCCGAAAGGCCGAA AGCUCCU 
UCCCAGG OXSAOGAOQCCGAAAGGCCGAA AUCAAAA 
UOAICCAU OKSAUGAGGCOSAAAOGCCGAA AAGUCCC 
UUACCAU aXSAUGAQCSOXAAAGGCCGAA AAGOCCC 
GAGGUCA CUGAUGA0GCCX3AAAGQCCGAA AUGACAA 
CACGQQG OXjAUGAGGCCGAAAGGCXXSAA ACAUUAC 
AUUUUAG CCIQADGAOOCCGAAAOGOCGAA AUAUSUG 
^H:UACAA CUGAIISAOGCOQAAAOGCCGAA ACACCAC 
UAAUUUC! OXSAUGAGGCCGAAAGGCCGAA ACAAUAC 
QGCGGAU CUGAUGAGGCCGAAAGGCCGAA AAAUAAU 
OGCGGMJ CUGAOSAGSCXXSAAAOGCCGAA AAAUAAU 
CAGGOAG CWGAIX3A0GCCGAAAGG0CGAA AACCCAG 
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Table Cll: 2.S ^xmoi RNA Synthesis Cycle 



Reagent 


Equivalents 


Amount 


Wait 








Time* 


Phosphoramidites 


6.5 


163 nL 


2:s 


S-Ethyl Tetrazole 


23.8 


238 ^L 


2.5 


Acetic Anhydride 


100 


233 )iL 


5 sec 


AAMethyl Imidazole 


186 


233 |iL 


5 sec 


TCA 


83.2 


1.73 mL 


21 sec 


Iodine 


8.0 


1.18 mL 


45 sec 


Acetonitrile 


NA 


6.67 mL 


NA 



• Walt time does not include contact time during delivery. 
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Table EVII: Deprotection of a 36 mer aU ribo oUgo using 70% ethylamine in 
aqueous, -n^e data are as foUows upon HPLC reprocessing: 

Sample QD-s % Full Ungth % frontside %backside 

Product (FLP) 



MA lO'mS" 


0.984 


145073 


71.6740 


13 8186 


MA 10*@65» 


1.125 


18.9269 


67.8006 




EArtlO" 


0.925 


165804 


66.8186 


JLu.QUiU 


EA rt 10' 


0.920 


15.7421 


675794 




EA rt 30' 


0.971 


174694 


O/.O/oZ 


14.8525 


EArt30" 


0.794 


15.7587 


69.8084 


14.4329 


EA 40" 10' 


.0.819 


18.0827 


66.4937 


15.4236 


EA 40" 10' 


0.986 


175763 


66.7865 


15.6372 


EA 40' 15* 


0.877 


18.7963 


67.0064 


14.1999 


EA 40» 15' 


0.911 


18.7808 


70.7306 


10.4885 


EA 55' 10' 


1.001 


17.8810 


66.4703 


15.6487 


EA 55' 10' 


1.023 


19.1069 


68.6706 


12.2225 
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Claims 



1. An enzymatic nucleic acid having a hammerhead motif, wherein said 

nucleic acid comprises of at least five ribose residues, and wherein 
5 said nucleic add comprises a 2'-C-allyl modification at position No. 4 

of said nucleic acid, and wherein said nucleic acid comprises at least 
ten 2'-0-methyl modifications, and wherein said nucleic acid 
comprises a 3*- end modification. 

2. The enzymatic nucleic acid of claim 1, wherein said nucleic acid 
10 comprises a 3'-3' linked inverted ribose moiety at said 3* end. 

3. An enzymatic nucleic acid having a hammerhead motif, wherein said 

nucleic acid comprises of at least five ribose residues, and wherein 
said nucleic acid comprises a 2*-amino modification at position No. 4 
and/or at position No. 7 of said nucleic acid, wherein said nucleic acid 
15 comprises at least ten 2*-0-methyi modifications, and wherein said 

nucleic acid comprises a 3'-3' linked inverted ribose or thymidine 
moiety at its 3' end. 

4. An enzymatic nucleic acid having a hammerhead motif, wherein said 

nucleic acid comprises of at least five ribose residues, and wherein 
20 said nucleic acid comprises a non-nucleotide substitution at position 

No. 4 and/or at position No. 7 of said nucleic acid molecule, wherein 
said nucleic acid comprises at least ten 2*-0-methyl modifications, and 
wherein said nucleic acid comprises a 3'-3* linked inverted ribose or 
thymidine moiety at its 3' end. 

25 5. An enzymatic nucleic acid which cleaves target mRNA having a 
sequence selected from SEQ. ID. NOS. 34. 35, 57, 125. 126. 127. 
128. 129, 140. 162. 170, 179, 188. 223. 224. 236. 245, 246. 256. 259, 
260. and 281, wherein said nucleic acid comprises of at least five 
ribose residues, and wherein said nucleic acid comprises a 6-methyl 

30 uridine substitution at position No. 4 and/or at position No. 7 of said 

nucleic acid molecule, wherein said nucleic acid comprises at least 
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10 



20 



ten 2'.0-methyl modifications, and wherein said nucleic acid 
comprises a 3'-3' linked inverted ribose or thymidine moiety at its 3' 



end. 



6. The enzymatic nucleic acid which cleaves target mRNA having a 

sequence selected from SEQ. ID. NOS. 34, 35, 57. 125 126 127 

128. 129. 140. 162. 170. 179. 188. 223. 224. 236. 245. 246. 256. 259* 

260. and 281. wherein said nucleic acid comprises -of at least five 

ribose residues, wherein said nucleic acid comprises a 2'-C.allyl 

modification at position No. 4 of the said nucleic acid, wherein said 

nucleic acid comprises at least ten 2'-0-methyl modifications, and 

wherein said nucleic acid comprises a 2'.3' linked inverted ribose or 
thymidine moiety at its 3' end. 

7. The enzymatic nucleic acid of any one of claims l^e. wherein said 

nucleic acid comprises phosphorothioate linkages at least three of the 
15 seven 5' tenminal nucleotides. 

8. Nucleic acid molecule which blocks synthesis and/or expression of an 

mRNA encoding B7-1. B7-2. B7-3 and/or CD40. 

9. The nucleic acid of claim 8. wherein said molecule is an enzymatic 

nucleic acid molecule. 



10. The nucleic acid molecule of claim 9. wherein, the binding amis of said 
enzymatic nucleic acid contain sequences complementary to the 
nucleotide base sequences in any one of Tables Bll. BIV BVI BVIM 
BX. BXII, BXIV. BXV. BXVI. BXVII, BXVIII and BXIX. 

1 1. The nucleic acid molecule of claims 9 or 10. wherein said nucleic acid 
25 molecule is in a hammertiead motif. 

12. The enzymatic nucleic acid molecule of claim 9 or 10. wherein said 
nucleic acid molecule is in a hairpin, hepatitis Delta virus, group I 
intron. VS nucleic acid or RNaseP nucleic acid motif. 
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13. The enzymatic nucleic acid molecule of any of claims 9 or 10, wherein 
said ribozyme comprises between 12 and 100 bases complementary 
to the RNA of said region. 

14. The enzymatic nucleic acid of claim 13. wherein said ribozyme 
5 comprises between 14 and 24 bases complementary to the RNA of 

said region. 

15. Enzymatic nucleic acid molecule consisting essentially of any ribozyme 
sequence selected from those shown in Tables Bill. BV, BVI, BVII, BIX. 
BXI. BXIII, BXIV. BXV. BXVI. BXVIl. BXVIII. 

10 16. A mammalian cell including an enzymatic nucleic acid molecule of any 
of claims 8 or 9. 

17. The cell of claim 16. wherein said cell is a human cell. 

18. An expression vector comprising nucleic acid encoding the enzymatic 
nucleic acid molecule of any of claims 9 or 10, in a manner which 

1 5 allows expression and/or delivery of that enzymatic RNA molecule 

within a mammalian cell. 

19. A mammalian cell including an expression vector of claim 18. 

20. The cell of claim 19, wherein said cell is a human cell. 

21. A method for treatment of a patient having a condition associated with 
20 the level of 87-1, B7-2. B7-3 and/or CD40, wherein the patient, tissue 

donor or population of corresponding cells is administered a 
therapeutically effective amount of an enzymatic nucleic acid molecule 
of claims 8, 9 or 10. 

22. A method for treatment of a condition related to the level of B7-1, B7-2, 
25 B7-3 and/or CD40 activity by administering to a patient an expression 

vector of claim 21. 



23. The method of claims 21 or 22, wherein said patient is a human. 
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24. A method for inducing tolerance in a recipient to alloantigen of a donor 
comprising treating antigen presenting cells from a donor with nucleic 
acid of Claim 8 or 9. and infusion of said treated antigen presenting 
cells into said recipient. 

5 25. A method for enhancing graft tolerance comprising contacting a nucleic 
acid of claims 8 or 9 with cells of said graft prior to transplantation. 

26. A method for treatment of an autoimmune disease, comprising 
contacting an antigen presenting cell of a patient with a nucleic acid of 
claims 8 or 9. 

10 27. The method of claim 26. wherein said cells are contacted ex vivo with 
said nucleic acid. 

28. The method of claim 26. wherein said cells are contacted with 
autoantigen characteristic of said disease. 

29. The method of claim 28. wherein said cells are reinfused Into said 
* ^ patient. 

30. Enzymatic nucleic acid having at least one modified base substitution 
wherein said base substitution is selected from a group comprising 
pyndin-4-one. pyridin.2.one. phenyl, pseudouracil. 2. 4. 6-trimethoxy 
benzene. 3-methyluracil. dihydrouracil. naphthyl. 6-methyl-uracil and 

20 ammophenyl, 

31. The enzymatic nucleic acid of any of claim 30. wherein said nucleic 
acid has a hammeriiead motif. 

32. Mammalian cell comprising an enzymatic nucleic acid molecule of and 
of claims 30-31. 

33. The enzymatic nucleic acid of claim 31. wherein said nucleic acid 
includes said modified base substitutions at position 4 or at position 7. 

34. The ribozyme of claim 33. wherein said substitution is 6-methyl uracil. 

35. The ribozyme of claim 33. wherein said substitution is pyridin-4-one. 



25 
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36. The ribozyme of claim 33, wherein said substitution is phenyl. 

37. The ribozyme of claim 33, wherein said substitution is pyridin-2-one. 

38. The ribozyme of daim 33, wherein said substitution is pseudouraciL 

39. The ribozyme of claim 33, wherein said substitution is 2. 4. 6-trimethoxy 
5 benzene. 

40. The ribozyme of claim 33, wherein said substitution is dihydrouracil. 

41. The ribozyme of claim 33, wherein said substitution is 3-methyluracil. 

42. The ribozyme of claim 33, wherein said substitution is naphthyl. 

43. The ribozyme of claim 33, wherein said substitution is aminophenyl. 
10 44. 2'-deoxy-2-allcylnucleoside. 

45. 2*-deoxy-2-alkylnucleotide. 

46. Oligonucleotide comprising one or more 2 -deoxy-2'-alkylnucleotides. 

47. Enzymatic nucleic acid comprising a 2'-deoxy-2'-alkylnucleotide. 

48. Method for producing an enzymatic nucleic acid molecule having 
1 5 enhanced activity to cleave an RNA or single-stranded DNA molecule, 

comprising the step of fomiing said enzymatic molecule with at least 
one nucleotide having at its 2'-posltion an alkyi group. 

49. 2 -deo)cy-2*-alkylnucleotide triphosphate. 

50. Method for synthesis of a 2'-C-allyl derivative from a 5*-0-DMT-3'.0- 
20 TBOMS-base comprising the steps of: 

(a) phenoxyltriocart)onylation of S'-O-DMT-S'-O-TBDMS-base to yeild 
a thioester, replacing a 2' hydroxyl group with a phenoxythiocarbonyl 
group, and 
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(b) Heck acylation of said thioester to form a 2'-C-allyl derivative in 
which said 2'-phenoxythiocarfaonyl group is replaced with said 2 -C- 
allqrl group to yield said 2'-C-allyl derivative. 



51. A compound having the formula: 

R2-0 




wherein. RI represents 2'-0-alkylthioall^l or 2'-C-alkylthioalky|- x 
represents a base or H; Y represents a phosphorus-containing groLp- 
and R2 represents O. DMT or a phosphoois^containing group. 

52. Oligonucleotide comprising one or more compounds of claim 51. 

53. Enzymatic nucleic acid comprising a compound of claim 51. 

54. The compound of claim 51. wherein said compound is in the fomi of a 
triphosphate. 

55. Enzymatic nucleic acid of claim 53 wherein said nucleic acid is in a 
hammerhead motif. 

56. Enzymatic nucleic acid of claim 53. wherein said nucleic acid is in a 
hairpin, hepatitis delta virus, group I intron. VS RNA or RNase P RNA 
motif. 



57 Enzymatic nucleic acid of claim 55, wherein said hammerhead 
nbozyme has positions 4 and/or 7 substituted with 2'-0- 
20 methylthiomethyl. 
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58. Enzymatic nucleic acid of claim 55 or 57. wherein one monomer in 
stem II of said hammerhead is substituted with at least one 2*-0- 
methylthiomethyl. 

59. Enzymatic nucleic acid of claim 55 or 56. wherein said nucleic acid is 
5 substituted at one or more positions with 2'-0-methylthiophenyl. 

60. A mammalian cell comprising a compound of any one of the claims 51- 
59. 

61 . The cell of claim 60, wherein said cell is a human cell. 

62. Method for producing an enzymatic nucleic acid molecule having 
10 activity to cleave an RNA or single-stranded DNA molecule. 

comprising the step of forming said enzymatic molecule with at least 
one position having at its 2'-position an 2'-0-alkylthioalkyl and/or 
2*-C-alkylthioalkyl group. 

64. Hammerhead ribozyme having a hon-nucleotide in the catalytic core in 
a site selected from the group consisting of the nonnally occurring 
uracil at position 4 and 7. 

65. Hammerhead ribozyme having a stem II and a loop II. wherein said 
loop II comprises a non-nucleotide. 

66. Hammerhead ribozyme having a non-nucleotide at its 3' end. 

67. A mammalian cell comprising an enzymatic nucleic acid molecule of 
any one of the claims 64-67. 

68. The cell of claim 67, wherein said ceil is a human cell. 

69. Method of synthesis of abasic ribonucleoside mimetics described in 
figure 56. 

70. A method for the deprotection of RNA comprising the step of providing 
aqueous ethylamine (EA) at between 25'C - 60-C for 5 to 30 minutes 
to remove any exocydic amino protecting groups from protected RNA. 



15 



20 
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71. The method of claim 70 wherein, said ethylamine is provided at 40»C 
for 10 minutes. 

72. The method of claim 70 wherein, said ethylamine is provided at 55»C 
for 10 minutes. 

5 73. The method of claim 70. further comprising deprotection of Rf^A 
alkylsilyl protecting groups comprising, contacting said groups with 
anhydrous triethylamine.hydrogen fluoride (aHP.TEA) "trimethylamlne 
or diisopropylethylamine at between 60 "0-70 "C for 0.25-24 h. 

74. The method of any one of claims 70-73 wherein, said RNA is an 
10 enzymatic RNA. 

75. Method for synthesis of an enzymatic nucleic acid, comprising the steps 
of: 



1f 



20 



25 



30 



providing a 3' and a 5' portion of said enzymatic nucleic acid having 
independent chemically reactive groups at the 5' and 3' positions 
respectively, under conditions in which a covalent bond is formed 
between said 3' and 5' portions by said chemically reactive groups, 
said bond being selected from the group consisting of. disulfide.' 
morpholino. amide, ether, thioether. amine, a double bond, 
sulfonamide, ester, cartjonate. hydrazone. said bond not being a 
natural bond formed between a 5' phosphate group and a 3' hydroxyl 
group. 

76. The method of claim 75. wherein said nucleic acid has a hammerhead 
motif and said 3' and 5' positions each have said chemically reactive 
groups in or immediately adjacent to the stem II region. 

77. The method of claim 75. wherein one said chemically reactive group is 

(CH2)nSH and the other chemically reactive group is (CH2)nSH 
wherein each n independently Is an integer from 0 to 10 inclusive and 
may be the same or different. 

78. The method of claim 75. wherein one said chemically reactive group is 
(CH2)nNH2 and the other chemically reactive group is ribose, wherein 
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each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

79. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nNH2 and the other chemically reactive group is COOH. 

5 wherein each n independently is an integer from 0 to 10 inclusive and 

may be the same or different. 

80. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nX and the other chemically reactive group is (CH2)nOH or 
(CH2)nSH; wherein each n independently Is an integer from 0 to 10 

1 0 inclusive and may be the same or different; X is halogen. 

81. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nNH2 and the other chemically reactive group is CHO, wherein 
each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

15 82. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nPPh3 and the other chemically reactive group is CHO, wherein 
each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

83. The method of daim 75, wherein one said chemically reactive group is 
20 {CH2)nNH2 and the other chemically reactive group is (CH2)nS02CI, 

wherein each n independently is an integer from 0 to 10 inclusive and 
may be the same or different. 

84. The method of claim 75. wherein one said chemically reactive group is 
(CH2)nOH and the other chemically reactive group is COOH, wherein 

25 each n independently is an integer from 0 to 10 inclusive and may be 

the same or different. 



85. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nCOH and the other chemically reactive group is (CH2)nNH2, 
wherein each n independently is an integer from 0 to 10 inclusive and 
30 may be the same or different. 
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86. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nC0X and the other chemically reactive group is (CH2)nOH. 
wherein each n independently is an integer from 0 to 10 inclusive and 
may be the same or different. 

5 87. The method of claim 78, wherein said conditions include provision of 
Nal04 contact with said ribose. and subsequent provision of NaBH4 
or NaCNBH3. 

88. The method of claim 79, wherein said conditions include provision of a 
coupling reagent. 

99. A mixture comprising 5' and 3* portions of an enzymatic nucleic acid 
having a 3* and 5' chemically reactive group respectively selected 
from the group consisting of (CH2)nSH. (CH2)nNH2, ribose. COOH. 
(CH2)nX, (CH2)nPPh3. CHO, (CH2)nS02CI. (CH2)nC0X, (CH2)nX. 
(CH2)nOH. {CH2)nC0H, and {CH2)nSH: wherein each n 
independently is an integer from 0 to 10 inclusive and may be the 
same or '"Cerent and X is halogen. 
• >i 

90. The method of claim 75, wherein one said chemically reactive group is 
linl^ing group-SH and the other chemically reactive group is linking 
group-SH, wherein each linking group may be the same or different. 

20 91. The method of claim 75, wherein one said chemically reactive group is 
linking group-NH2 and the other chemically reactive group is ribose. 

92. The method of claim 75, wherein one said chemically reactive group is 
linking group-NH2 and the other chemically reactive group is COOH. 

93. The method of claim 75, wherein one said chemically reactive group is 
25 linking group-X and the other chemically reactive group is linking 

group-OH or linking group-SH; wherein each linking group may be the 
same or different; X is halogen. 

94. The method of claim 75, wherein one said chemically reactive group is 
linking group-NH2 and the other chemically reactive group is CHO. 
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95. The method of claim 75, wherein one said chemically reactive group is 
linking group-PPhs other chemically reactive group is CHO. 

96. The method of claim 75. wherein one said chemically reactive group is 
linking group-NH2 the other chemically reactive group is linking 
group-S02CI, wherein each linking group may be the same or 
different. 

97. The method of claim 75, wherein one said chemically reactive group Is 
linking group-OH and the other chemically reactive group is COOH. 

98. The method of claim 75, wherein one said chemically reactive group is 
linking group-COH and the other chemically reactive group is linking 
group-NH2. wherein each linking group may be the same or different. 

99. The method of claim 75. wherein one said chemically reactive group is 
linking group-COX and the other chemically reactive group is linking 
group-OH, wherein each linking group may be the same or different, 

100. The method c ' im 91, wherein said conditions include provision of 
Nal04 in contact with said ribose, and subsequent provision of NaBH4 
or NaCNBH3. 

101. The method of claim 100, wherein said conditions include provision of 
a coupling reagent. 

102. A mixture comprising 5* and 3* portions of an enzymatic nucleic acid 
having a 3* and 5' chemically reactive group respectively selected 
from the group consisting of linking group-SH, linking group-NHg. 
ribose, COOH, linking group-X, linking group-PPhs. CHO. linking 
group-S02CI, linking group-COX, linking group-X, linking group-OH. 
linking group-COH, and linking group-SH; wherein each linking group 
may be the same or different and X is halogen. 

103. A transcribed non-naturally occuring RNA molecule, comprising a 

desired therapeutic RNA portion, wherein said molecule comprises an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and 5' complementary nucleotides in said RNA, wherein said 
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Stem comprises at least 8 base pairs wherein said molecule is 
transcribed by a RNA polymerase II promoter system, 

104. A transcribed non-nalurally occuring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises an 

5 intramolecular stem formed by base-pairing interactions between a 3* 

region and 5' complementary nucleotides in said RNA, wherein said 
stem comprises at least 8 base pairs, wherein said molecule is 
transcribed by a U6 small nuclear RNA promoter system. 

105, A transcribed non-naturally occuring RNA molecule, comprising a 
10 desired therapeutic RNA portion, wherein said molecule comprises an 

intramolecular stem formed by base-pairing interactions between a 3' 
region and 5* complementary nucleotides in said RNA, wherein said 
stem comprises at least 8 base pairs, wherein said molecule is 
transcribed by an adenovirus VA1 RNA promoter system. 

15 106. A transcribed non-naturally occuring RNA molecule, comprising a 
desired therapeutic F '^ portion, wherein said molecule comprises an 
intramolecular stem iomned by base-pairing interactions between a 3' 
region and 5' complementary nucleotides in said RNA. wherein said 
stem comprises at least 8 base pairs, wherein said molecule is a 

20 chimeric adenovirus VA1 RNA. 

107. A transcribed non-naturally occuring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises an 
intramolecular stem fomied by base-pairing interactions between a 3' 
region and 5* complementary nucleotides in said RNA, wherein said 

25 stem comprises at least 8 base pairs, wherein said intramolecular 

stem is separated from said desired RNA by a spacer sequence. 

108. The RNA molecule of claim 107, wherein said spacer sequence is 
about 5-50 nucleotides. 
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NOTE: (CH2)n refers to any linkage. In 
addition, X and Y can be interchanged. 



X = (CH2)nSH, Y = (CH2)„SH-^ disulfide 

X = (CH2)nNHR, Y = ribose — morpholino 

X = (CH2)„NHR,Y = C02H — amide 

X = (CH2)„X. Y = (CH2)nOH— ether, X = halogen 

Xs(CH2)„NHR,Y = CHO — amine 

X = (CH2)nPPh3, Y = CHO — double bond 

X = (CH2)nNHR, Y = (CH2)nS02CI* sulfonamide 

X = (CH2)„0H, Y = CO2H — ester 

X = (CH2)„X, Y = (CH2)nSH— thioether, X = halogen 

X = (CH2)nC0X, Y = (CH2)nOH — carbonate, X = halogen 
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(1988) Annu. Review Blochem. 57. 873-914. How^ 
this consensus sequence is not meant to be limiting 
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